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PREFACE
(This Preface is Unclassified)

This report sunmarizes the results of research to j
develop alternative figures of merit for targeting irndustrial ‘
installation. All work was performed under the technical
direction of ‘ajor Dave Williamson and Lt. Col. Dave Thomas

of the Defense Nuclear Agency.
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SECTION 1
(C) INTRODUCTION AND SUMMARY

(V) Research was undertaken to determine if an improved
econonic figure of rmerit could be developed for SJOP applica-
tions. Research tasks included: (1) review of econonic fig-
ures of merit used in the SIOP process and in strategic weapon
analyses, (2) identification of advantages and disadvantages of
the various curreat figures of rerit, (3) postulation of alter-
native new figures of merit, and (4) selection and detailed
evaluation of the more promising new figures of merit. The
purpose of this repcrt is to describe the results of this
research as it asplies to a possible new and improved figqure

of merit, impacted asnufacturing value added (IMVA). A method-~
ology for the development and eventual implementation of IMVA

E is suggested for SIOP applications.
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B, (U) The methcZology considers the Soviet Union economic
vHEN . . )
?i“ target development prcblem in two parts. The first part deals
A NG
~,*$ with how deep the Soviet economy can be driven and the second
L3
;fj part with the length of the recovery period. Ia the first
:,-; part, peacetime conditions and priorities are relevant,
’ :: at leacr in the immediate post attack period, aand measures such
’ :j as MVA and IMVA are expected t> be useful in assigning priority
D
:oz to classes of economic targets. In the second part, because cf
chauging post attack priorities azd a wide variety of possible
\/
:hﬁﬁ post attack resource all- cations, peacetime measures such as
By -
:éﬁ MVA are not as relevant and another criteria which more directly
AR . ;
{‘a measures post attack recovery time would seem appropriate.
Said
YA
: 0) Specific interactions between irdustrial classes are
- very important ia both parts cof tke problem as 1dentified above
ﬂ{:j and must be taken into account. FYor example, tkre fact that
;ﬁ‘ the removal of electric power would have an ‘mmediate effect on
RS heavy electricity users such as machinery and egquipment industries
e should be taken into account. IMVA accounts for such interactions
o . .. . . .
r:u in a direct fastion since IMVA is defined for some primary
-,
N industry I as:
J‘\J',
YO8
W Destroyed) Halted (1-1)
IMVA, = . + .
' I \  Mva 1 ¥wa )
L where the halted MVA is associated with industries dependent cn
o industry I. 1In other words, IsMVA is the MVA destroyed directly
L s
: by the attack pius the MVA from other industrial classes which
M cannot operate cr whi-h operate at reduced efficiency due to the
Si need for products that were destrcyed directly. IMVA and MVA
':3: are recommended as measures 2f valuc for depth of attack since
<.
"ii they indicate tke degree to which an industrial class coctributes
{ L to the gross value of output. These measures can be used to
7, , .
f;z evaluate target classes which are most important to the economory
A
>,
f;-)
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o
W
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based on peacetime or immediate post-attack cond:itions.
Promising cancd:idates €for primary classes are selected and
analyzed to determine which have the largest imzact on the
economy. Those with the largest impact are des:znated as

pc.imary classes.

() A rossible i:mplementation aprroach fcr IMVA would te

the foliswing three-step process:

v Step 1. Datermine MVA for dependent zand other
industry classes and IMVA fo- pramary
industry classes based upon =conomic
intelligence data.

(v Step 2. Calculate the MVA and IMVA Zor specific
installations by partitionizz the industiy
values according to installazion capacity
data. Approximate attack size specifi-
cation is input for this sted.

() Step 3. Utilize overall objectives I>r industrial
targeting (e.g., desired ovsrall IMVA
reduction or per weapon IMVA reduction or
combined IMVA and MVA reduc:ion) for DGZ
develzi.cut and weapon allczation. Thnis
requires careful accounting so that
destroved MVA for dependent or non-primary
industries does not get cou=ted as halted
MVA for the primary industr:es.

(m The procedure emploved determines datage level objec-
tives on primary class facilities which will provide a maximu=
IMVA by counting capacity which is directly destroyed anéd cac-
acity which is halted. No credit is taken for bonus damage i=
the process on other facilities nearby and no:t part of the
primary or dependent classes. Having defined the damage ob-ecz-
tives, an attack can be carried out to achieve these damage
objectives. Associated bonus damage for this attack can be
calculated and added to the damage to depender:t arnd primary

class facilities. The physical damage to depeadent class
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facilities should rnct be counted as it :s already incorzcraszed
in IMVA. This is i1—portant in orcer to avoid double count:ng

damaged fa.vidties.

(483 The zbove process couples attack size to the eccnomic
value of primary installations such as electric power, steel,
natural gas and c:i. This occurs because of tne Zirect consid-
eration of industr:es halted when a particular grimary industry
is neavily damaged. TFor example, an electric pcwer plant weould
have one value if it were the only plant destroved in a small
attack. However, 1I the electric power industry were heavily
cdaraged in a larger attack, the coverall econonic impact wculd
be far greater thar simply the acd2ition of indiv:idual planz

values which were not accounting for halted i1nduss:ries.

(C) The above application of IMVA and MVA er-phas:izes
immedlate rost-attack aspects of econonic disrurtion and dces
not account explicitly for the recovery period. Althouch
artacks directed aga:inst high IMVA and MVA tarcets obviously
have a strong impac:t on recovery zecause of the basic impors-
ance of the primary industries (e.g., power plants) and the
large capital investments generallw asscciated with these
industries, a seconi prioritized list of tarcets also is rec-
ommended. This list would consist of targets wrere their
relative ranking would reflect the degree to which they de-
layed the econoric recovery process. For exanple, if elecersi
power generating facilities were important on the first gr:ori-
tized list, manufact=uring facilities for transformers, turbines,
and generators would be important targets on the second zriori-
tized target list. 1In addition, this list could include cazital
intensive industries which, if destroyed and rebuilt, would
absorb post-attack resources which otherwise could be directed
toward more rapid recovery of primary industries.

(U) In the rezainder of this report, IMVA will be addressed
as it relates to the first prioritized list discussed above.
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Electric puwer and other energy related classes will be used
to explain IMVA and to show how it can te derived and used in

the targeting process.

{U) che methodology is to some extent iterative and in
part invoives a process of indusury dependency definitions

which is complicated and leagthy. Since the dependency process
has orly been started, preliminary estirmates of specific derend-
ent values will be used to demonstrate the methodology by way of
an example. It is expected that the absolute values can be up-

dated as the process continues.

(V) Section 2 provides background informatior regarding

the current figure of merit, PRWV, current guidance, and the
overall economiC recovery problem. Section 3 discusses the
methodolocy used in selecting primary and dependent industrial
classes and the procedure for estimating IMVA. Section 4 pro-
vides a srecific example of the methodology including the
definition of economic classes, the determination of IMVA, and
the percent of the total Soviet economic value which is effected.

Other aspects and possible implementation approaches are briefly
discussed in Section 6. Finally, capacity functions for several
targetable classes and the impact of loss of electric power are

discussed with other items in a series of appendices.
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A (U3 Table 2-1. VA definition.(1)

Hh

- UNCLASSIFIED

?j- NVA COMPONENTS

QS: “"Wages and Salaries. Monetary wages and salaries paid to all
Vo state employees, 1ncluding money payments, such as certain

tonuses and premia that are not i1ncluded in the Soviet sta-
tistical category ''wages."

LN
) . . .
;. Labor Income of Kolkhoz Members. Money income and income-in-
ﬂ: kind priced at average celivery prices.
L) (
%) X ) .
Qq Other Labor Income. Miscellaneous income, such as free clothing
* issued to workers, student scholarships paid by enterprises,
, travel expemnses, etc.
)
L)
a: Social Security Payvments.
b
k Profits of State Enterprises. Profirts and losses (which would
& be entered with a minus sign, thus indicating a state subsidy).
7 Presumably the profit shown must be related to the rcain pro-
. ductive activities of the enterprise..
‘i
< Turnover Tax. This is shown in the column of the enterprise

’ij or industry manufacturing the taxed commodity, regardless of
o+ whether the tax is collected at the enterprise or at the retail
9, trade level.

Other Sr-:tc pudget Collections (Positive Entry) or Subsidies
{Negative).

Other elements of Net Prcduct.

P
-’ - -
L s
el el b

)
R a. Interest on short-term loans;
b. Penalties and court fines;
oy c. Costs of personnel training;
B d. VLUse of nonproductive services (passenger transportation);
‘N, e. Savings effected in administration-management expenses and
v payable into the state budget.
B
J;l Net Income of Kolkhozes and Cooperatives.
Net Income of the Population."
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(T) Table 2-2. Capital definition{1/’.

UNCLASSIFIED
CAPITAL

“The cacitai ratrix shows the stock of fixed capital (valued in

constant 1955 prices) employed in the productive cectors as an

average for the vear. In this case, however, the original table

bas only 105 productive sectors (95 inm industry) icstead of the
110 in the other tables. The capital assets are brcken down

into 30 types, of which 25 represent machinery and equipment.
Also included is a vector of fixed capital in the ponproductive
sphere. The data ip this matrix are also adjusted for commecdity-
establishment differences."

**An aggregated version of the capital matrix was published ia one
of the statistical yvearbooks and a fairly complete description of
the original format is available. The »riginal matrix shows the
value of the stock of fixed capital assets broken dowm into 30
differept types as utilized by 105 productive sectors and the
prices, averaged for the year, and at book value (balansovaia
stoimost*), i.e., without taking into account deprec.ation or
attritiona. Apparently, the definition of fixed capital assets
used in the input-output matrix follows the staandard Soviet
statistical practice of excluding those assets that have a useful
life of less than one year or are valued at less thaa 50 rubles.”
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¥ . (L) 2-2 RESEARCH OBJECTIVES AND CONSTRAINTS
':' W) h
e
!
o
%‘f
G
-2 v From the onset it was recognized that the overall pcst
‘ii: attack economic recovery prcblem is very complex and uncertain.
};i The requirements for post attack economic recovery, depicted in
‘fj Figure 2-1, range from leadership for organization, control and
direction of recover;, to military forces for national security,
j}ﬁ for ropulation control, or coercion of economic resources from
;QE neighboring couniries or for actual occupation; to the labor force,
ﬁ{; particularly skilled labor; to agriculture to feed the labor
et force to actual iandustries and national resources. Transpor-
;& tation and distribution systems also will play strong roles
325 particularly because attacks are not envisioned to be unitorm
:\g geographically and resources available fo:  recovery are not
5;’ uniformly distributed. Corrunication systems and the basic
0o availability of technology are other factors. In addition, the
&’ existing inventories and tke possibilities of product substitution
:?t or labor capital substitution are otner key considerations. When
* considering prolonging postwar recovery or achieving a Jdecisive
' : reduction of power and influence, all of these requirements must
s be considered. However, the current research was scoped only to
J:j the consideration of industrial installations and to attempt to
:‘ develop an improved figure of merit for such installations as com-
‘ig pared to PRWV,
18
e
[
7 L
'
b

- s
>

N

LY

on

X

.

5

ol
=

A ]




haadidiinaddnndia Ahe Jhiadan e ade ala 4ie dbs oL NS E

*ALOANINT DTUOUGDY HIUYIu 130d d0] Kjtawdrzynboy

3JIAUIS o

SRV ¢
WNUIIINI @
VITUNN 9 IVIININD o
JAILIVHLIXI @
ONILYDINGVYS VLI @
SIViIIm o
NOILINYLISNGD o

AW1SAONT

HIHIO o
SIVHININ
NVIVIINNON ¢
TIVVINA DIVIVIIN @
AYLISNAN
WIYILYKR MV

$40UI QO0I-NON ©
DNISS 32044
Q004 Q004 ¢

FURTIUSY

ROWRONYT X6OTONHT11

SUVIMNINT o
NOILYAININADO0] ¢
HoavY o

=g oanidiq (n)

RNOiTvivossavul

SRV
a_@

nv AH3IAOJI3H JINONODJ3I AU
AJVLLY 1S0d

0 2

"2 L )

ML UMNIO »

NULIZVI0NAAH o

sSvd o

W e

WNIVN0K1I34 o
I|||>oun::z‘

3N0S3IN AS¥IND

g

13%uvm
ONV
Wiy

OITUNINON o
annmmns e

vy

TJOMINGD ¢
ISNII40 @
ISNIIQ o

XUvInw

NOILIINIO ©
IOWINGD ®
NOILVIINYONO @

JIRSUTOVIY

19

1 |

-
-

Y
1% 3%

RS
.\

" ‘A -‘.“3.hﬁ.

P
.\..




(v) The review of other figures of merit besides PRWV
included net present worth, MVA _lone, K alone, GVO, physical
output units, floor space, industrial concentration circles and
several others. In each case no cowmpelling improvement over
PRWV could be identified when considering current guidance
object.ves and the SIOP development process. Therefore, an
attempt was made to develop a new figure of merit. In so doing,
however, and as a result of an understanding of the intelligence
Jata potentially available and the current procedures in employ-
ment plaasning, the following objectives were established:

(u) 1. The figure of merit must be a measure of economic
value at the installation level to support economic target
develorment. Weapons are applied to specific targets (i.e. one
or more ipstallations) in the SIOP and tLerefore the figure of
merit oust be useful to measure the value of one installation as
compared to another.

(U) 2. The figure of merit must address the functicral
importance of industries, particularly critical industries. It
also must be a common measure applicable to both critical and
non-critical industries in a coasistent manner. This char-
acteristic is critical to eliminate the current problems of
treating critical industries separately and having only one
quantitative meaure, PRWV, which basically is for grcss capital
destruction.

(u) 3. Tbe figure of merit must lead to reasonable require-
mcats on the intelligence data base. A significant and long
effort bas lead to the current Target Data Inventory and support-
ing analyses and documentation. Any new figure of merit proposed
must offer not only a real and —Jeaningful improvement but also at
the same time it must not lead to unrealistic requirements on
intelligence data collection and processing either in ter=s of

the magritude or duration of such efforts. This basic constraint

20
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K
“_ is expected to have a strong impact on the feasibility of
k practical application of any new economic figure of merit
E: for the SIOP process.
. () 4. The figure of merit must be practical in terms
\A. of eventual impleamentation in the SIOP development process used
'2 by the Joint Strategic Target Planning Staff (3STPS). The SIOP
& process has developed over the years since the Natiocaal Strategic
b Targeting and Attack Policy (NSTAP) was first promulgated in 1960
at the same time that Secretary of Defense Gates directed the
&; establishment of the JSTPS. Over recent years and at significant
~ expense, the SICP process has incorporated significaat use of
&: automated data processing hardware and software. Cozputer pro-
oM grans have been developed for various phases of this process
ol such as installation selection, aimpoint development, allocation,
j application, timing and resolution as well as SIOP evaluation.
'1 Apny pew figure of merit must offer not only a real and meaningful
4; improvement over current measures but also must offer the
;> potential for imple~:z,.ati0on in the SIOP process without undue
. impazt un the process in terms of the scope of the changes required
! or the time to complete the changes. This constraint also has a
v strong impact on the feasibility of practical application of any
. new economic figure of merit for the SIOP process.
.) ) After consideration of the above objectives and
Jé after review of the advantages and disadvaatages of current
.; economic figures of merit, it was concluded that a real and
:3 meaningful improvement over current measur-s could be obtained
e if a new figure of merit could be developed which accounted for
- the functional importance of installations and industry classes
but also met the other objectives above. Th's becace the point
of emphasis for this research.
- 21
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- SECTION 3
N (U) IMPACTED MANUFACTURING VALUE ADDED METHODOLOGY
.*ﬁ
.SQ -
. (U) 3-1 INTRODUCTI10ON
) o
c ) (L) The IMVA methodology depends upon the determination
o of economic sectors absolutely critical to the Soviet economy
[
? j as delined below and other sectors decendent upon these critical
'kr sectors. This determination provides the basis for incorporating
) cons:derations of :Industry and eventually installation functicral
oy importance. Various econom:c sectors are defined in this sectiorn.
‘:&j In addition, an overview is presented cof ecoromic intelligence
ij{ data avialable for these sectors.
)
f. (L) Once sectors are defined, a quantitative approach is
required for IMVA in order to be able to calculate the halted
$x‘ industry MVA attributable to various levels of destruction of
-
i\: each plirmary industrsy. An approximate technique has been
2T
'HS developed and 1s presented and compared with the PRWV approach.
() 3-2 ECONOMICZ SFrTCIS
J
.{: (U)Y The IMVA methodology developed involves dividing
s
_\j economic sectors of the Soviet Union into the following general
% »
:ﬂ classes:
J Primary: A critical set of industrial classes
T, which will be directly targeted (e.g.,
. :. oil, electric power, etc.).
"'h Dependent: A set of industrial classes which
0 clearly require goods and services
Y from the primary set (e.g., transpor-
[ ] tation, machinery and equipment, etc.)
A
A Bonus: A set of industrial classes which are
e essentially correlated with industrial
k-2 lloor space and may be destroyed or dam-
Au} aged when the primary targets are attack-
‘if’ ed (e.g., repair of machinery and
,g equipment, etc.)
N
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Isolated: A non-targzetable set which is not
correlated with 1ndustriai floor
spuce (e.g., livestouck).

Criticality for the primary classes is based upon. (i) havizg a
large pumber of expected i1nteractions with other classes, [2)
being important to a large part of the total econcmic value. and
(3) having a reasonably small number of locations and belzg
feasible to dazage for targeting purposes. The 1zteracticas aith
other ciasses and the economic 1mportances of cr:itical classes
car be determined from Soviet lnion 1nput-ouiput tables,
Functional interactions also can be established tv a knowiedge

of the use of various outputs or products from cr:i:tical classes.
The Target Data Inventory can be used to exaxzine :if the nu—ber of
installations is small enough to be considered 1n targetirng
Physical vulnerabilities also affect the feasibil:ty of targeting
critical class installations.

(L) 3-3 AVAILABLE DATA FOR ECONOMIC SECTORS

(L) Considerable effort has gone into input-output table
definitions for the Soviet Union. These definiticas are useful
in identifying important ecomomic classes and will be used as
one basis for analyzing the Soviet economic classes. The post
detailed definition which exists is based on the Soviet ecoczomy
in 1966 and involves 110 industrial sectors.1 These are listed
in Table 3-1. Data exist for 1966 on gross value of output,
labor input, average annual employment, capital stock and depre-
ciation for most of these 110 industrial sectors. Also, inter-
industry transaction data are available in purchaser prices.
Most recent data on inter-industry purchases for 1972 are given
in Reference 2; however, these are for only 56 sectors. ThLey
can be directly compared to the same 56 sectors for 1966 which
are given in the same document. Finally, an even oore detailed
breakout of specific industrial facilities is contained in the
definition for the 110 sectors and these are also given in
Reference 1.
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(L) The above type of economic intelligence data is

essentially macroscapic. Sectors are used and they may oOr may

not relate to individval industries. In fact, in some cases

x =
5 5

they relate to many industries. Mapping this type of datz down

T
Ia
]

X to the 1nstallation level tust be done in some approximate
{?ﬁ fashion to yield useful econcmic data by ianstallation.
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.i; (T) Examples of functional dependencies derived from the
. above sources are given below; these and others are discussed in
RS
.?. more detail in Section 4 and AprezZix E:
i () ® ot engine production requires high alloy steel
e
ti{ () ® Transformer production requires specialized
::; rolled steel products
o .
&N (v) ® 5 KW-HR are required typically to produce
= one bbl of oil
2
6;3 (T) e Primary rolling mills generally require more
‘o than 20 MW of input power
f;- (L) 3-4 IMPACTED MANUFACTURING VALCF ADDED (IMVA)
-
‘f (U) IMVA for industry I is the destroyed MVA for industry
ok I plus the MVA of other industries dependent upon industry 1.
Cay]
j;- Dependent MVA simply means that if the required input goods and
J‘_'-
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services are not available, the output goods and services will
not be produced and thus the destruction of primary MVA will

x

’

v
o o

also halt the goods and services from dependent facilities.

de e e

(U) Some consideration was given to the concept of impacted

I
‘l..‘

capital (e.g. destroyed plus dependent capital). However, if
capital were used, what would be the meaning of depeandent capital?
Capital as provided in the input-output table and defined in

Table 2-2 is book value and does not account for depreciation

sO that it is not necessarily related to replacement value. Capital
is made up of such items as buildings, machinery, equipment and
inventory material. Some of these would deteriorate as time passed
and others could be maintnined at some statce of value. At any rate,
the removal of input goods and services would not im—ediately affect
the amount of capital in the dependent industries. After a perioa
of time some reduction of capital value should occur, but this
reduction would be difficult to predict. Capital as it relates

to replacement value might be a good measure for industries which
are attacked directly (i.e., primary classes); however, there
appear to be better measures of the ability of dependent classes

of an ipdustry to contribute to the gross cutput of the ecconomy.

(U) 3-5 IMVA LIMIT FUNCTIONS

(U) In order to use impacted MVA for quantitative analysis,

the relationship between primary and dependent MVA must be defined,
Impacted MVA can be defined as the sum of the self MVA which is
directly destroyed and the dependent MVA. The self MVA directly
destroyed is readily defined as the product of the expected damage

to capital and the undamaged total self MVA. Dependent damage is
more difficult to define since it depends on post attack priorities,
limiting processes and physical phenomenon; however, a limit function

o
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. can be derived. 1If one assumes that in the post attack period

all of the surviving products of a primary class (e.g. residual

A resources) are allocated to its dependent classes and that
‘o
:j& within the dependent classes, preattack priorities are maintained
h“ in the post attack case, it is possible to calculate the impacted
5% MVA of industry I as a functic. Of the expected damage to the
w primary class as follows:

5
B - RESIDUAL
o CAPACITY INDUSTRY I RESOURCES | [DEPENDENT
. IMVA, = |DAMAGE + | = (3-1)
A I EXPECTANCY MVA DEPENDENT MVA

PREATTACK

i UTILIZATIOX
R
) -“

o, In equation form this beccmes:

i
'r"-'

z‘\ (1-DE)

IMVAI = DEIMVAI + - ——iq——— DMVAI 0 il-DEI iBI (3-2)
A
.-"‘

iy

Ve = -

’#: DEIMVAI 1 DEI >BI
e IMVA; = Impacted MVA for the Ith industry class

;j- DEI = Capacity damage expectancy for industry I

J MVA; = Total MVA of industry I (total self MVA)

;“i DMVA; = Total MVA of industry dependent upon industry I
F? BI = Preattack fraction of industry I class capacity
i) used by dependent industry classes

S

* L)

:: (U) The IMVA which results from the use of Eq. (3-2) has
:% the general characteristic shown in Figure 3-1. As the expected
'." damage increases there will be a gradual buildup of value based
'& only upon the self-MVA directly destroyed until point B1 is reached.
;ﬁ{ From that point, there will be a rapid increase in value as the
i, dependent effect (e.g. halted MVA) accumulates until weapon

inefficiencies and/or small remaining installations cause the

'--" - » - . - {A. . X
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Ll function to bend downward. For these kinds of functioms there
- is a value for DIEI whisn will maximize the return per weapon,
and there is an incentive to drive the damage to relatively
deep values or very high DEI.

L4 (0) The characteristics of IMVA curves are different than

! ) PRWV curves. A comparison of IMVA and WV is shown in Figure 3-2
U for the Soviet Union electric power industry. The IMVA data is
e developed in more detail in Section 4. The WV data approximates
¥ TDI data and the number of .8 PK weapons is used as opposed to DE
in this comparison. With 100 such weapons, approximately 50% of
N the weighted value is achieved but only about 7% of the IMVA.
With 200 such weapons, approximately 60% of the weighted value

is achieved but only about 40% of the IMVA,
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- (U) Figure 3-1. Characteristic IMVA function.
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L) It is evident that with functions resulting from the
use of weighted value, maximum returns result from the first

few increments in damage and there is no direct incentive to
drive the damage to very deep levels. However, with IMVA for

the primary industrial classes, there is a significant advantage
to achieve very heavy damage to these classes because so much

is dependent upon their operation. For example, electric power
is a primcary industry in the IYVA methodology. It is intuitively
obvious that the loss of electric power generation in an indus-
trial society will have an overall impact on the economy far in
excess of the value of the electric power industry considered by
itself. Calculations of IMVA in Section 4 leading to the results
in Figure 3-2 demonstrate that this is indeed the case. This is
also the case for other primary class industries; IMVA limit
functions also are developed for therm in Section 4.

) The fundamental point above is that the economic value
of a primary industry is dependent upon the attack size. Value
can not be constant for various primary installations in this
industry (e.g. independent of attack size) if the functional
importance of the industry is to be considered. For example, in
Figure 3-2, the IMVA for the electric power industry is shown as
a function of number of weapons. For small attacks, only the
self MVA directly destroyed represent the value. For larger
attacks, the significance of halted MVA comes into play. However,
if an approximate attack size can be determined, the IMVA can be
proportioned across installations to yield an appropriate instal-
lation value as will be discussed more in Section 5.

(0) Equation (3~2) represents a limit function since addi-
tional demands beyond the dependent class requirements will
usually exist. Industries in the bonus and isolated classes will
place demands on the primary class as will the military. The
analysis to this point bhas not been definitive enough to quantify
such demands. Equation (3-2) can also be affected by the
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allocation between the dependent classes since the value of
DHVAI would depend on the dependent class priorities; however,
it is relatively insensiti{ve to such allocations especially
when high damage levels are acbieved. This is a direct result
of DHVAI being the sum of the dependent class MVA. For these
reasons most of the uncertainty involved in limit functions is
about the value at point BI and the least uncertainty exists in
the region of maximum return per weapon.

(u) It should be noted tbat Eq. (3-2) does not include stock-
piles or goods which are in the supply chain. Because of this,

the loss of goods from the primary classes except for electric
power will not be felt for a period of time which will vary
depending on the amount stored and the amount in the supply chain
and the rate of utilization in the post attack period. These
issues are not treated for the following reasons:

(u) e Data are not available on the amount of
stockpiles or material in the supply chain.

(u) e Delays on the ~r2:r or months are expected

apd *hcse are short compared to recovery

periods which are expected to be measured

in years.
An approach which could be used to include stockpile and supply
chain material given the necessary data is discussed in Section 5.
(Uu) 3-6 APPLICATION OF MULTIPLE WEAPONS TO PRIMARY CLASS

INSTALLATIONS

(u) The use of IMVA for primary class industries provides
a method to account for the greater importance of these iadustries
as compared to dependent class industries. As mentinned, IMVA for
an industry can be partitioned over the installations of that
industry in propoition to capacity data. When an industrial class
has installations with variable capacities (i.e., electric power)
each weapon that is assigned should maximize the expected marginal

return in order to achieve the highest IMVA. 1In subsequent
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’: : sections IMVA limit functions are developed and examples are
presented for targeting using .8 PK weapons. High capacity pri-
':5 mary class iandustries receive nmultiple weapons because of their
’iy importance. It is useful at this point to provide the tables
is used i3 these types of calculations.
; { (C) If the smallest plant targeted bhas a capacity of 10
;: units and a .8 PK weapon were used, the expected return frcm
2: targeting that plant would be 8 units. If the largest plant had
x- a capacity of 1,000 units, the first weapon would achieve an
\ expected return of 800 units, the second weapon an expected return
of an additional 160 units, the third weapon 32 additional units,
‘?g and the fourth weapon 6 additional units. Therefore, one should
i:; assign a third weapon to the highest capacity plant before assign-
%:j ing one weapon to the lowest capacity plant. One could either
- specify that three weapons be assigned to the large plant and
P )\ one to the small plant ov that the large plant be assigned a
tf damage expectancy of .992 and the small plant a damage expectancy
‘ti of .8. The latter approach permits use of different kinds of
o weapons and is therefore preferred.
f}u (T) Given the capacity of each imstallation, it is pos-
j% sible to determine threshold plant sizes which represent transi-
';; tions from N weapons to N+1 weapons. The weapon assignment
jq ’ thresholds can be determined as shown imn Table 3-2 for weapons
D with a single shot kill probability of .8.
-
.
:ﬁ: (U) Table 3-2. Weapon assignment thresholds.
5 UNCLASSIFIED
e Single Number Multiple Incremental
Weapon of Weapons Weapon Expected Capacity
Kill Prob. Assigned Kill Prob. Return Multiplier
.8 1 .8 .8 1
.8 2 .96 .16 5
.8 3 .992 .032 25
.8 4 .9284 . 0064 125
.8 5 . 99968 . 00128 625
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The key to the use of Table 3-2 is the capacity multiplier. 1If

the range in capacity is such that the largest plant is 625 times
larger than the smallest plant and all are to be targeted, then

the largest plant receives five weapons while the smalles* eceives

one.

") If the single weapon kill probability is chs

would be the case for mixed weapons, the magnitude of

city multiplier will change. For the case of mixed weap.
damage levels should be calculated based on the siangle sho:
damage probability for the most effective weapon rather than .§
and then when less effective weapons are used, the pumber
required cas be determined and the process will be essentially
independent of weapon type. However, to simplify subsequent
examples only .8 PK weapons will be used.
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X SECTION 4
L
N (U) AN IMVA EXAMPLE
‘. L

(L) 4-1 INTRODUCTION

‘:} (LU The basic development and applicatxon'of IMVA is
’”: demonstrated by a four step process:

L (L) 1. Non-overlapping primary, dependent, bonus

and isolated economic classcs are

N established.

N
- (U) 2. Quantitative MVA relationships are developed

A} between primary and dependent classes to
. facilitate the development of IMVA for the
~ primary classes.

v (U) 3. IMVA limit functions are established for
- primary class industries and are related
- to actual instellations in the industries.

N
:" L) 4. A weapon allocation procedure is developed

= to demonstrate the 2gplication of the IMVA

N limir 2..criomos for targeting.

Ty,

@ (V) In the following example, each of the criteria sug-
<) gested in Section 3.1 are considered and the resulting primary,
Q dependent and bonus targets are analyzed to demonstrate the cal-
e

J culations of IMVA and its use iz strategic targeting.

o (U) 4-2  PRIMARY CLASSES
-

4. (U) 4-2.1 Highly Interactive Primary Classes
J-

(U) In searching for industrial classes likely to show
significant interdependencies, first it wa. decided to consider

vy @Y,

economic sectors most heavily dependent upon basic energy. These

)
[f: can be readily determined by processicg data contained in Soviet
Ei: input-output tables. The source of data was the 1972 Soviet

0. input-output table contained in Reference 2. To reduce the com-
‘ﬂf Plexity of the process, all chemicals were combined into one
padd
'.I
.~

o

e
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! ’ sector (48 through 59 of Table 3-1) aand all machipery and equip-
X ment (M&E) sectors were cocbined (15 through 46 of Table 3-1).
Figure 4-1 shows the resuylting classes which use 3% or more of

oil output, of gas output, of coal output or of electric power

output. The MVA of each sector is also shown. These sectors
alcng with export, self-use and consumption account for more

thano three fourths of the basic energy ou.p.t in the Soviet Union
as shown in Table 4-1.

(C) The ¥VA represented in Figure 4-' is about 170 billioc
rubles out of the 1972 total of 300 billion rubles and the
sectors in corcbination represent essentially all of the readily
targetable MVA except for that associated with generalized

industrial floor space.
(U) 4-2.2 High Dependent Value Primary Classes

(J) Two other classes, rolled steel apd cement, also were
considered 1nitially as prizsary classes because of their high
economic value dependencies. Machinery and equipzent with an
MVA of 38 billion rubles is dependent upon rolled steel (c.f.
Apperdices B and E). Construction with a MVA of 34.6 billion
rubles is dependent upon cement.

(0) As a result of the above process, the six classes that
make up the initia) primary set are: gas, oil, coal, electric

power, rolled steel and cecent. For purposes of limiting the IMVA

4
»

example, no other classes were considered for the primzry set.

(U) 4-2.3 Targetinog Feasibility of Primary Classes

N :’ -.' .l' ~..

(U) Any primary class industry must be feasible to target

o

by having a small enough identifiable set of installations.

B
& ‘s

consistent with U.S. weapon resource constraints and LYy being

v & >
s

vulnpnerable to nuclear weapons. From this point of view, rolled

steel and oil are highly coacer ' rated and vulnerable and therefore

o

feasible to target. This is discussed in more detail later in
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Section 4 as well as in Appendices B and E. Electric power has

3.4 and in 1975 it was estinated that

been analyzed in some detail
95% of the generating capacity was contained in about 300 piants

(c.f. Appendix A). Electric power also is feasible to targect.

(U) Table 4-1. Energy uses in the Soviet Union.

UNCLASSIFIED
Sector
Use Gas 01l Coal E. Power
Export 3 17 2 1
Consumption 15 7 13 27
Self-Use 3 3 27 1
In Figure 4-1 67 S50 45 43
Percent of 88 77 87 72
Total Output
38
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lﬁk (v) There are a large nurber of cement plants widely
)3 distributed throughcu: the Soviet Union. Cement plants also exist
» 3 in the TDI and are feasible to target.
p
b (L) 4-3  DEPENDENT AND OTHER CLASSES
;— (L) Criteria for selection as a member of the dependent
jt' set is that the class or fractionm of a class be clearly dependent
';& on oune or more outputs of goods and services from the primary
L set. Although input-output data and data from econometric models
can be useful iz identifying the primary set, they generally are
D
N not useful in definiang the dependent set. This results from the
U w0
Lot fact that input-output tables and econometric models do not
[ &
’ﬁ generally account for one or more of the following:
o’
J u) ® Sorme izdustrial classes require input goods
o for which substitutions are not currently
ol possibie. For example, transformers require
Rﬁ specialized rolled steel.
R
f$~ (U) ® Soce icdustrial classes require inputs beyond
.' a deficable threshold before any output can
10 be provided. For example, a primary steel
rollirg mill cannot operate without more than
,jk' 20 megawatts of input power.
o
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“f; (L) e For many industrial classes the relationship

O between inputs and outputs are non-licear. For

example, the aluminum industry is probably

3 unaffected until the power capacity bas been
;}xj reduced to around 70% of the pre-attack level
::' and is probaily completely shut down wpen the
Vo power capacity is reduced to around 15% of the
vy: pre-attack level.
ye
) C) ® Considerable substitutions are possible. For
A example, cement kilns require concentrated
v sources of heat and these can be provided with
‘:;. natural gas, coal or with 0il products and thus
55? . all three must be removed to insure that cement
; : kilns cannot operate.

These kinds of issues are involved in determining that an
[N

,:f industrial class is clearlv dependent on goods and services from

¢: the primary set. An example of a set of dependent industrial
R
o classes is shown in Table 4-2. All of the indicated dependent
e classes require input goods and services from one or more of

2 the primary classes. This table also lists other classes not
={}j placed in either the primary or dependent categories. Obviously,
e industries in these other classes are dependent to varying

S .

A degrees on the primary ~v-Z,ses. However, since these depen-
i dencies werz uot as easily or clearly definable as for those
"; viasses currently in the dependent set, and since tkere was a
o desire not to over estimate IMVA, certain classes were relegated
P to this other class category.
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(U) 4-4 QUANTITATIVE RELATIONSHIP OF MVA BETWEEN CLASSES

)] The process of assigning dependent MVA to primary
classes is a complicated and lengthy one which has only begun.

It involves identifying absolute contingencies such as thuse

for which no substitutions are possible as discussed previously
and this in turn requires an understanding of the specific pro-
cesses employed in each dependent sector. As a result, estimated
values are uncertain and may change as deeper understanding of

42
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%ﬁ the underlying processes is gained. Preliminary dependencies
3 have been identified and preliminary value estimates have been
_b made in the following discussion in order to demonstrate the
:b methodology. The magnitude of the value estimates should be
*: modified as better information becomes available.
i
N (U) These dependencies were based on the following speci-
Vn fic issues underlined in the text:
’Q v) Rolled steel, ferrous metallurgy, non-ferrous metal-
1
‘ﬁ lurgy, oil, irrigated crops, open pit coal mining and the electric
: driven portions of transportation are considered to be dependent
- on electric power.
'2 (o) Reference 4 specifically considered these relationships
2 (c.f. Appencdix E). The steel rolling process in the Soviet
N Union was examined in terms of its electric power requirements.
3 The entire steel rolling process will stop if power is removed
8
xj to abouut the 20 megawatt level and all major complexes will be
L%
!E adversely effected if power is removed down to the 50 megawatt
"
- level.
L~
L. (U) Irrigated crops are dependeant on electric power to
; pump water at key pumping stations and also dependent on the
K water supply from large dams which are likely to be destroyed as
W
k: a means of removing electric power generating units. Irrigated
E *
lands are responsible for about 30% of the agricultural output.
. The fraction of transportation using electric locomotion and crude
hj 0il pipelines also requires electric power. This fraction is
o (U)*From Reference 5 it is noted that in 1977 8% of the viable
‘ land, fruit and berry area produced 30% of the total volume
. of agricultural production on kolkhozes, sovkhozes and other
~3 state agricultural enterprises. From Reference 6, it is noted
2 that in 1975 irrigated crops comprised 14,500,000 hectare of
I) 217,000,000 hectare or 6.7%. From Reference 7, it is
mj predicted that irrigated acreage will be 28,000,000 by the
" 1980's or 13% of the 1975 total. Therefore, the fraction
irrigated could range from 30/8 x 6.7 = 25% to 30/8 x 13 =

49% and the higher figure has more uncertaiaty. As a result
the value 30% is used.
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estimated o be about 40%.‘ Fipaily, it was generally con-
cluded tha: since the system losses will be nearly 10% the
removal of generating capacity to a level of about 90% would
cause a breakdown in the high voltage distribution system and
would inszre that less than 10% of the dependent classes would
be availazle.

(U) Machinerv and equipmenr production is considered

dependent ca rolled steel.

(U) Rachinery and equipment is an aggregation of sectors
(i.e., 15 to 46 of Table 3-1), which produce basic items such

as machine tools, turbines, transformers, generators and auto-
mobiles. Altbhough these all require some amount of cast or forged
metal proc:-cts they also have one or more requirements for rolled
steel proczcts. For example, transformers cannot be made without
special rolled steel for cores and automobiles require rolled
sheet as w=ll as axles and bearings, all of which depend on the
steel roll:=g process. The removal of machinery and equipment
would not stop basic production such as steel production which
could ccatizue using in place equipment; however, new plant
additiocs 1:zd replacement of worn equipment would not be possible.

(u) Crops, transportation and construction are considered

to be devezdent on oil.

)

.From Reference 8, page 163, it is noted that in 1975, 60% of
the fre:ght turnover was handled by rail and 11% by o0il pipe-
lines lezaving 29% for other categories of freight transpor-
tation. The transportation sector in the 1966 inout-output
table ziven in Reference 1 includes freight-only for r1il and
other transport and comnunication; however, communication is
only 4% of the 1966 GVO. From Reference 9 at least some and
probably all crude oil pipelines have pump driven by electric
motors (e.g., 6300 kw) and froo Reference 10 electrified lines
handled a little more than one-half of all freight. Combining
these zssues result in the following:

.56[60/2 + fraction of oil and other transport] = .40
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(U) Agriculture is made up of livestock and crops. Al-
though neither of these is directly targetable because of the
large number of farms and their geographic distribution, most of
the crops (i.e., non-irrigated) and to some extent livestock re-
quire oil products. Without gasoline or diesel for tractcrs,
other farm machines and local electric generating stations,
crops as currently defined would be essentially eliminated and
livestock outputs would decline. Clearly, some farm activities
could continue since, for example, horsec could still be used to
pull plows if plows of the right type were available; however,
the output of crops would not be expected to significantly ex-
ceed local demand and for all practical purposes the MVA of
crops would be eliminated. It is expected that reduced effici-
encies in livestock would more tkan balance residual activities
vrelating to crops and therefore the MVA of crops is assumed to
be dependent on oil while livestock is considered to be isclated
and therefore not available.

(U) Trausnortatiec~ 4> defined in the 1972 input-output
tables ircludes rail transportation (diesel and electric) gpipe-
11nes and water transport (marine and river) as well as cocmuni-
cations. The removal of 0il products would eliminate diesel de-
pendent rail services, most pipelines, water transport and much

of communications which is dependent on s=all local diesel or
gasoline driven generators. 1If electric power was still available
from the distribution system, electric rail and some communica-
tions would remain in service. Therefore, it is expected that

withocut o0il products and without power from the high voltage po-

wer distribution system or oil products, transportation as cur-

l

rently defined would be eliminated.

. b
‘l ‘l
PR L]

.
v
[3Y

f u) Although coanstruction in the Soviet input-output
table is handled differently (i.e., there are no purchases of

pEAENE
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_ﬂ$1 construction by other sectors by definition) it has an MVA and
ﬁ;j: construction does purchase from other industrial sectors. Con-
;5@5 struction as currently defined (e.g., construction of heavy in-
‘;) dustry) is dependent on o0il products for fuel directly or on
:fdf electric power from small generators which in turn require oil
iifj products for fuel. Log cabiuas could still be built; however,

;$ ccnstruction as currently known in the Soviet Union would not be
:' expected to continue without oil products.
P, (C) Construction is dependent on cement
':fj (U) Construction is also dependent on cement including
NES prefabricated concrete structures. Although the cement part of
:f“: construction material has a relatively small MVA, the combina-

: tion of self MVA and construction MVA is large. The issue of
|:§: whether construction should be credited to oil or cement (since
::;: it requires both) will be treated subsequently.
'T;f: (U) Chemical production is dependent on electric power
11* (0) Chemical production is an aggregation of basic chemi-
tHj cals such as ammonia and secondary chemical products such as
:kﬁ synthetic rubber. 1In 1962, the energy equipment installed in
:¢: chemical production processes was 8,895 MW of which 7,076 MW was
:) for electric motors.11 Although some production might contiaue
;¢:? in small chemical complexes and in small parts of larger com-
;:ﬁ plexes based on other energy sources, the bulk of chemical

:_E production is considered to require electric power.

;" (U) Construction material requires coal, gas or oil
\:?i (0) Construction material requires concentrated sources
::%: of heat either from coal, gas or oil. Most construction mate-
::3: ial involves the use of a kiln (e.g., cement); however, consid-
e erable possibilities for substitution exist and it is considered
;.f that either coal, gas or oil will be sufficient for the comstruc-
ﬁ:ﬁj tion material processes to continue.
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;;i (C) Open pit coal mining is dependent on electric power as
Qig w2s indicated previously and deep coal mining is dependent on
N oil.
!
:$Q ) The fraction of coal production using each method is
:;i shoen in Fig..2 4-2. Deep coal mining requires pumps for water
%:¢ removal, fans for ventilation, power for hoists and equipment
bﬁf and most of these are dependent on electric motors; however, it

is expected that back-up power supplies will be available at

'AET eich mine which can be used when the electric power is not
%:E available from the distribution system and these will be depen-
Eﬁ: dent om o©0il products. Efficient open pit mines are dependent on
h large automated shovels which receive power from high voltage
X portable cables and the power requirements are large enough that
:;. they depend on the high voltage distribution system or they are
.;?' surplied with units which will be targeted.
S ) Figure 4-3, summarizes the sectors and dependencies
gy, which have been considered. Targeted sectors are shown on the
ﬂﬁf tcp and each interaction which has been considered is indicated

o
v
»
K

with an arrow. The dashed arrows represent dependencies which
will be considered or rejected. The solid arrows represent
tke firal dependencies. The rationale for these decisions are

-
.
s
.

P

:&4&5

presented in the next section.

.
2
v

)
'
3

) Of the 1972 total of 300 billion rubles, the final
prizary set of four classes* accounted for 17.0 billion rubles

v

Tt

L 3
'

o .
«
.
.
P

® or cnly about 6% of the total MVA, kowever, the dependent set
e accounted for 154 billiua rubles or about 51% of the tctal MVA.
-"‘\

}f: (C) 4-5 IMVA LIMIT FUNCTIONS

A

~-:~ (0) The basic interactions shown in Figure 4-3 relate the
13& dependent classes of Table 4-2 to the primary classes and it is
e
et ©J* .

: e Cement is eliminated from the primary set later in the text.
4 '\"‘.:
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clear that certain curoices are possible (e.g., assign construc-
tion MVA to o1l or cement). Since these choices involve large
segments of value (e.g., 24.6 billion rubles MVA for construc-
t1on) their resolution will have a significant impact on the
relative value of targetable classes. The interaltion ques-
ticns 1nclude the following:

(L) e Should \U&E be removed by taking out rolled steel
or electric power?

(L) e Should construction be removed by taking out
cement or o1l?

(v e S.ould rolled steel and o0il be removed by taking
out electric power or by direct targeting?

(v e Which class among coal. gas and oil will be
targeted last silnce construction mater:al re-
guires that all three be removed?
The resolution of these questions requires that limit functicns
be developed as defined in Section 3. Limit functions are needed
for electric power, o0il, steel, natural gas and cerent and 1o
the case of electric power, two functions are needed. One is
needed for the cac< ..Levre oll and steel are dependent on elec-
triz power and this will be referred to as total electric power
limit function and another for the case where oil and steel are

targeted directly.

(U) The data required to develop limit functions are as
;1, follows
.
- MVA;: The self MVA of each primary class
;ﬁ BI The pre-attack purchases of the primary classes
'® by the dependent classes plus the self utiliza-

tion of the primary class as calculated using
input-output data for 1972 and represented as
a fraction of pre-attack values.

K
et
-

LRIt Rt

DMVAI: The dependent MVA.

Y i g
Y p A, 8

L3

DE.,: The capacity damage expectancy to be achieved
against each primary class.
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(U) Except for cement, supporting data for the limit func-

tion constants are gaven in Table 4-4. The HVAI and DMVAI val-
e ues are given directly; the dependent definitions permit pro-
t?; cessing of the 1972 input-output table to determine the values
EZ: for BI‘ The resulting constants are given in Table 4-5.

(Z Examples of damage functions for the first four classes are shown
é-l 10 Figure 4-4 through 4-7 and exazples of limit functions are
ﬂiﬂ shown in Figures 4-8 through 4-11. The damage functions were

;} obtained using a maximum marginal return approach going from

3 largest capacity iostallations to the smallest. The IMVA limit

functions were calculated using the parameters in Table 4-5,

o5 Equation (3-2) and the damage functions. The damage functions
.ii relate capacity damage expectancy to the number of .8 PK

L weapons. With these results and similar data on cement and
f:r' total electric power, it is possible to resolve the questions
o raised above and underlined in the text below.

‘:E: (v Should M&F be removed by taking out rolled steel or
:;: electric power?
(: L (L) The impacted MVA attainable with each of these options
‘\ is shown in Figure 4-12. For example, with electric power, the
:I;i-l impacted MVA is small (i.e., only self MVA) until about 40 in-
:; stallations have been targeted and at this point impacted AMVA
:; rapidly increases to a point which corresponds to about 50% of
) capacity. Bevond this, tke functions levels off since smaller
S:ﬁi plants are involved. A similar function results for rolled

:g: steel except that the return per weapon is significantly greater
;ﬁ? than for electric power. It is clear that of the two options,
:?: it is more efficient to target rolled steel directly than to
.v: target electric power as a meaps of impacting tbhe M&E sector.
;;? Even if the number of rolled steel locations used here was

;fi low by a factor of 2 or 3* (cf Appendix B ) one would prefer to
fii target them directly.

v

@

)
X ) This could happen, if rolling =mills for copper and aluminum
N could be converted to rolling steel products. The feasibility
~, of this option has yet to be studied.
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(U) Figure 4-G. Damage function for oil refineries.
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N (u) The approach used to resolve this question was to
o
o determine which of the twe options offers the greatest marginal
- ’\
N return of IMVA per weapon. Since there are only about 14
L &
:'S rolled steel plants as compared to over 500 electric power
¢ - plants, the IMVA per weapon possible with M&E with rolled
iﬂ: Steel becomes clearly preferred. Similar techniques are applied
1;{: to resolve the other questions.
B "
Bal v) Should construction be removed by taking out cement
) or oil?
iz' () The IMVA attributable to each of these opticas is
::f shown in Figure 4-13. 1In this case, weapon efficiency dictates
a;* that construction should be considered as an impact of
bl the loss of oil. As a result, cement becomes relatively uninm-
.ff portant as a primary class and its value will be included in
construction material as a dependent class.
:éﬁ (0) Sbould rolled steel and o0il be removed by taking out
{ electric power or shonlsd Liey be removed by direct targeting?
1S\
L (m The IMVA for each of these options is shown in Figure
f} 4-14 and one should directly target rolled steel mills and
" oil.
;) QD) Which class among coal, gas and oil will be targeted
b9
N last sicce copstruction material reguires that all three be
-.\.
o rercoved?
ﬁﬁ' (G) The above questicon needs to be resolved if it is
‘l assumed that each fuel can substitute for the other. The average
tf: value of IMVA per installation for oil is about 1.8 billion
AN
:}ﬂ rubles, for coal is about 110 million rubles* and for gas 71
ﬂﬂ' million rubles. Therefore one should attribute the construction
Yy material MVA to gas rather than to coal or oil.
- @
:; (U).Coal was considered 1 i
a ed as non-targetable in the previous example;
N boweyer, if targeted, would have an impacted MVA of about 8.3
R billion rubles based on self-MVA, 10% of chemicals and pig iron
N production.
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(U) Having resolved each of the interactive questions
based on targeting efficiencies, specific IMVA values for the
remaining 4 primary sectors can be identified as oil, steel,
electric power and gas. Self-MVA, dependent MVA and total MVA
are listed for each primary class in Table 4-4. The total MVA
associated with the targetable sectors is 171.2 billicz rubles.
The rewainiog MVA is shown in Table 4-6 as a matter of interest.
The elements of remaining MVA which are correlated with floor
space would represent bonus MVA if they aire destroyed as the
primary classes such as oil are attacked or they represent col-
lateral value which might represent undesirable destroved value
in escalation control situations.

(U) 4-6 IMvA RELATIONSHIP WITH INSTALLATIONS

(U) The basic relationships between primary and dependent
classes have been developed (cf Table 4-4), the limit function
parameters have been developed (cf Table 4-5), and the limit
functions have been develoned (- Figure 4-8 to 4-11) for the
primary ¢l~z5 industries. The prior calculations of 1iait
functions have been based on the limit function equatica atd
the capacity damage functions. The basic assumption tz2s been
that the class IMVA is proportioned across the installations in
a class according to capacity. A cross plot of the 1izit
functions and the capacity damage functions results in Fig-

ure 4-15. This figure is in terms of percent of capacity des-
troyed. 1t -ol1lso could be drawn in terms of number of installa-
tions with the installaiions ordered from highest to lcwest

capacity.
(u) 4-7 WEAPON ALLOCATIONS BASED UPON IMVA

(U) The final step in the IMVA example is to ceoonstrate
a weapon allocation procedure that could be used. All four

of the limit functions are shown in Figure 4-16. With functions
such as these, optimum allocations can be found by finding
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! ) (L) Table 4-6. Bonus and isolated class MVA.

4
N Borus/Collateral Classes Isolated Classes

) Textiles and Sewing 22% Food -5
2 Trade and Dist. 21 Livestock 27
- Other Industry 13 Forestry

. Repair of M&E 7 Peat and Shale 1
Wood Products 7
Food Processing 32

Other Branches 3

- Total MVA 105 Total MVA 23

Percent 35 Percent 8
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N points for which the rates of change on all functions are equal.
bfﬁ Such poizcts can be found for whatever slope is desired. For
4& example, the case where 25 million rubles per weapon is the de-
;i} sired IMVA return per weapon is shown in Figure 4-16. In this
v case 46 weapons would be allocated to rolled steel, 134 to oil
,3 refineries and 425 to electric power. None would be allocated
.j to natural gas because of the poorer marginal return per
,{; weapon. By repeating this procedure for various slopes, the
f*. results in Table 4-7 can be obtained. This table also shows
. the damage expectancy required for each industry in the primary
}i: class.
?‘ (v) The example with 25 millioan rubles per weapon requires
}5 a high degree of multiple weapon application to high value instal-
' lations. This is shown in Table 4-8. There were 14 rolled steel
;if installations. The top 6 received 4 weapons each. The next 6
}i’ received 3 weapons each. The last 2 received 2 weapons. The 45
;: 0il refizeries received from 2 to 4 weapons each. This result
ﬁJ is expected given the characteristic shape of the limit func-
hﬁ. tions acd the large differences between individual limit func-
.% tions shcwn in Figure 4-1¢€. Because of the relatively few num-
'ﬁ ber of rolled steel and oil installations and yet their high
g} IMVA poteatial, the largest return per weapon occurs when these
;) installations have very high damage expectancies.
15 (U) Another interesting aspect of the results in Table 4-7
_tt is the large weapon requirements for the lower IMVA per weapon
"fﬁz cases. This is shown in Figure 4-17. Beyond about 300 weapons
23 the IMVA return per weapon decreases rapidly. This case cor-
hﬁ responds to heavy emphasis on o0il and rolled steel with about
}i 120 wearons and about 180 weapons on the electric power instal-
:? lations. Referring to the electric power limit function in
,%E Figure 4-16, the 180 weapon case occurs at the place where
- @)
o
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there is a large slope. This may be a poimt cn the curve where
S the uncertainty in the shape is of concern leading one to in-
crease weapon requirements for electric power to reduce un- |

- certainty (e.g. about 250 weapons). Also, Figure 4-4 indi-
cates that 180 weapons on electric power results in 65% capacity
. destroyed while 250 weapons results in about 8C% capacity
destroyed. The main point of the above results is that IMVA
signifies the importance of primary class industries given the
fact that many other industries are dependent upon the operation
of the primary class industries. In other words, if the primary
':}1 class industries are heavily destroyed then the effect on the
ﬁﬂl economy is far greater than the economic value of the primary

- class industries alone. Therefore, rather than spreading

P available weapons around across primary and dependent class

‘ industries, it is far better first to cause significant damage

4

.
»* J.'}l

r
1)

to the primary class industries.

o
A
"

1

(U) The above allocation technique represents one possible

L
1‘ 'l. l' a

allocation method for IMVA applicaticn. OQmnly primary class

{ industries receivzJ weapons in this example. Other industries
"55 arz aestroyed only if they are collateral to these primary class
industries. An economic targeting approzch such as this might
be regarded as being too dependent upon the validity of the

>
[N
77

intelligence data and the approach for development of IMVA and

J
v
.E;j for recovery. SIOP plans can not be allowmed to have much in-
%:% tuitive uncertainties in order to be perceived credible to the
ﬂ:& planners, the NCA and any other party. Other technicues dis-
Q:, . cussed in the next section have been developed to augzent the
Q*if application of IMVA. However, the basic fundamental thesis re-

< .
w“
'..
»

too open to unforeseen contingencies the Soviets might employ

[}

’

mains of first emphasizing weapon resources on the primary class
industries.




(U) 4-8 COLLATERAL DAMAGE RESULTS

" %
{-.'.n ’l

(U) In the above example for attacks on primary class
industries only, it was mentioned that some collateral indus-

h
.l

&

g C 3

tries also would be destroyed. A calculation was completed

Y W

to estimate the degree of collateral damage for an attack
o only on electric power, steel and oil.

[,
‘s
N
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e
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58S
oy ;) Based upon the primary class installations and the
:j ' above weapon characteristics,a total of 653 DGZs were developed.
T Consistent with the oil, rolled steel and electric power limit
“ﬁ& functions, a dynamic programming allocation technique was used
7§:ﬁ to allocate the 1000 weapons and maximize the IMVA. This
*
;1x' was a very approximate calculation since the TDI does not con-
. tain IMVA or even MVA for each installation. It provides for
,3:f the calculation of PRWV and these values had to be used.
f;:ﬂ Therefore, the limit functions provided scaling techniques to

be used in conjunction with PRWV data. The TANDEM program was

o used to calculate the expected value destroyed for the alloca-
A tion of 1000 weapons to the 653 DGZs. Some DGZs received no
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weapons, some received as many as 4 weapons. The results of

the TANDEM calculation are shown in Table 4-9. Note that more
collateral value was destroyed than direct value destroyed for

the primary class. Also, note that important industrial categories
were in the collateral destroyed class.

(U) The above result simply indicates that ccllateral or
bonus damage can be large when primary class installations are
attacked and if acttal destroyed value is the parameter of interest.
Impacted values only affected the allocation and are not pre-
sented in Table 4-9.

(U) Table 4-2. Collateral damage results.

Expected Value Destroyed

Class (Millions U.S. Dollars) Example Categories F
Primary $47,000 0il, Electrical Power,
Steel
Other 856,000 Chemicals, Rubber Products

and Plastics, Construction

Material, Machine Tocls,

Electric Power Equipmesnt

Manufacture, 3oilers,

Turbines Marufacture,

Industry Coccentration

Centers .
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i SECTION 5
E (U) IMVA IMPLICATIONS FOR TARGETING
jI: (L) 5-1  INTRODUCTIOCS
:}: (@] There are a variety of methods possible for implemen-
v tation of IMVA into tkze SIOP process. Several methods are dis-
R cussed in this sectioa. In addition, since IMVA depends upon
:-. MVA and therefore empzasizes the immediate post attack time
s period, other techniques are warranted to augment IMVA and
- address explicitly prolonging recovery. These techniques also
.0 are described briefly in this section.
®
'\-:::
.-
L \:,'
2%
"
{
AT
.
.
3
.
'-__’
Y
‘.‘.l
s
‘O
-"‘I
s )
b u) The above discussioa displays tne complexity of SIOP
%ﬁ develorment yet deals with only a portion of the development and
“.5 evaluation process. Possible approaches for IMVA implementation
3 ('
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nust be sufficiently consistent with the total process SO as not

cause excessive complexities in comparison to the benefits obtzirned

using IMVA. The following six step implementation approach
potentially offers this feasibility:

(L) 1. Complete more detailed research to define
primary class industries, dependent class
industries and the MVA relationships
between the two classes. This is expected
to be an intelligence agency function and
will lead to the oasic d¢ata necessary for
IMVA calculations.

(U) 2. Development MVA for all economic installations
and add it as a parameter to the TDI. The
MVA is to be used mainly for IMVA estimates
during target development and weapon allocatioun;
it measures the decisive reduction aspects in
the guidance.

) 3. Develop limit function parameters {(cf Table 4-5)
and provide these, the 1limit function equations
and the primary-dependent class relationships
are like those in Table 4-4. This data together
with the MVA data is suffzicient to describe:

(1) maximum IMVA asscciated with each primary
class and, (2) each of tae IMVA limit functions.
The limit functions can te expressed as a function
of capacity damage expectaacy rather than the
number of .8 PK weapons.

(U) 4. Specify the desired total IMVA or the IMVA per
equivalent weapon or the total equivalent
weapons for attacks on prizary class industries.
An equivalent weapon concert 1s useful when
considering a mixed weapcz force. IMVA per ucat
of capacity damage expectancy also would suffice.
One of the above three parsoeters is needed -o
determine which limit funczions are used (e.g.
which primary class indus:iTies are targeted) znd
the point to be used for ezch limit Junction (e.g.
the specific IMVA associated with a part cular
capacity damage expectancy or number of equivalent
weupons).

(uU) 5. Once the above data is developed, the primary
class installatiorns cans be assigned IMVA values
for DGZ development. Ther-=fore, basic value data
at the installation level zould exist. It 1s
important to note, however, that this data would
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be calculated based upon the installation UVA
data, the primary-dependent class relationships,
the limit function equations aad the overall
IMVA per weapon, or total I\7A or tctal attack
size requiremeat. The primasy class IMVA would
be proportioncd over the ins:iallacions accord-
ing to installation capacity cr MVA data.

(U) 6. Once DGZ's were developed based upcn installation
IMVA, the weapon allocation crocess could be
completed using various allocation approaches
(e.g. maximum narginal returz, dynamic programming,
etc.) to optimize total IMVA consistent with the
IMVA limit functions.

(C) The above procedure is developed to the point for tar-

geting only for IMVA. The economic measures are primary class

MVA destroyed, dependent class halted MVA zad bonus MVA destroyec.

The use of K to account for prolonging recovery is not developed

above but 15 addressed later. It is recogaized that the above

method is more complex than the PRWV method principally because
of the increased arount of data and data c=ripulation (e.g. limict
functicn appliecar: .4, 10r DCZ development and weapon alleccation.

Hetver, there is a fundamental difference bEetween PRWV and IMVA

which leads to this increased complexity. PREWV is a measure

which applies only to tue sgecific installation. For example, a

particular power plant has the same PRWV wizether it alone is des-

troved or whether the -total power generati:n industry is destrove:.

IMVA, however, accounts for the impact of large scale destructic:o

of a primary class industry in the sense cI other industries

halted. For example, the econcmic impact of destroying a single

power piant is not as significant as when this power plant is

A

destroved as part of a large attack on the power generation

TRy

R

j: industry. Therefore, using IMVA requires cnupling of value data
JfJ to attack size ipn some fashion.
',

; L] (U) A very useful by-product of IMVA is its potential suit-
kg . . . . . . .
til ability ia the building block concept. Tke application of IMVA

N
?;¢ for primary class industries would result in a measure of the
LA
e

o
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economic impact of, for example, a buildiag block tor 211 refin-

.. eries or a buildircz block for steel millis or one for electric

.V.ﬂ
..‘

“’

power. PRWV is pot an appropriate measure for these smaller attack

levels becouse it applies only to the cdacage to the attacked

[ ]

-
v

industries and not to the potential eccacmic impact of the loss

07 these industries.

LY I

. QD! Although a potentially feasible approach for implecen-
%: tation, the above approach has a number of deficiencies. One is
h{ the emphasis on depth of attack even though primary class indus-
) tries (e.g. 0il, steel, electric power, etc.) have not only high
’: IMVA but also high impacted capital. In other words, the capital
;ﬁ in the halted industries in many ccses is pnot useable until the
g% primary class industries have been restored. However, the method
‘? does not explicitls address prolonging recovery. A2nother possible

g deficiency is that only primary class iscdustries and bonus
i;: industries are des:royed. Large plants, eitaer by MVA or K and
ﬂ: not in the primary class are not targeted. This includes signif-
; icant facilities such as the Kama River trucx tlant. One mayv
i argue that such a procedure may be very appropriate in a signif-
'1 icantly constrained weapon resource envirocment or for sel- (- -d
.: attack options based upon the building biocx concept. Howe'--T,
N the risks associated with IMVA definiticn uncertainties as well

» as other uncertainties such as inventories, substitution and
o expropriation may te unacceptably high fcor large attacks such as
j major atrack optiozs. In other words, =s loag as the pri-.ry
4 class industries are destroved sufficleztly to achleve a very high
- total IMVA, it mar e des.rable that ot:ter large installaticns
“ also are targetad for greater conficence in overall attack
. effectiveness.

§ (L) Another implementation approa:h has been developed 0
:: address the above cdeficierncies. It is the same as the I\VA
:. approach above but includes the followirg additional steps:

o 78
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() 1. Develop capital stocx data, K, for each
€écononic installatinon and add t as a
parameter to the IDI. The K 1s a measure
used for the aspects of the guidance for
prolonging recovery. More detalls regarding
the use of K are presented in the next section.

(v) 2. Specify basic aivtack size dats 10 terms
of: (a) IMVA per weapon, or total IMVA or
I¥VA atvtack si1ze and (b) MVA per weapon or
total MVA or MVM attack size and, (¢) K per
weapon or total K 2r K attack si1ze. These
data allov the defin:tion of the IMVA p--lated
portion ot the attack and the trades necessary
to describe destroved versus halted i1ncustries.
As 1niti1al rough aliocation o weuapon resources
to preliminary DGZ's would be useful to determine
the trade offs. The objective of such analvsis
1S to pnot count targeted MVA or K installat.ouns
as halted 1n the IMVA calculaticns.

(G oy 3. Develop DGZ's based upor IMVA, K and MV
installation value data.

(U) 4. Complete weapon allocations to meet IMVA, K and
MVA objectives in a weapon efficient manner.
(r) The above approach, diagrammed in Figure 5-1. is not
the only oOne to address the possible deficiencies 1n the approach
based upecn only IMVA Nesearch 13 progress has resulited in MVA
and K rolatlons. Also, it mav not be desirable to coasider I'MVaA,
MVA and K. Perhaps IMVA arnd K are sufficient to address bkoth
aspects of the guidance. These issues remain to be addressed to
determine the preferred implementation approach which allows
utilizat:on of the beneficial aspects of INVA and 1s relatively
straightforward to include in the SI1OP process. In addition. it
is unknown at this time how incorporation of I2WA with or without

additional MVA and K targets would change lavdowns as compared to

the use of PRWV. Prior research' indicated that for large attacks.

the use c¢f PRWV and GVO resulted in essentially the same lavdowns
and damage irrespective of the particular value syvstem used for
laydown development or evaluation. It would be expected that for

very large attacks, the same type of results would cccur using

(U)*3sTPS SAG Briefing May 1979.
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_;: class 1nstallat:ioans. Th- s 1s far different from what sould be
o expezted with PRAV.

SRR

X (L) 5-3 ASPECTS FOR PROLONGING RECOVERY

204 (v The previous discussion has suggested methods for assiga-
ii ing relative valuae 1o Soviet economic assets 1a terms of 1cmediate
::&: post attack 1-pact. Although of considerable 1mportance, this

:é relative value 1s oaly one of several 1ssues involved in targeting
.. econc=ic assets. In general, recovery denial attacks have two

:,j objectives includ:rg the depth to which the attack 1s driven and
‘E:i the .=2agth of tize required for the ecoromy to recover. These

f:i issues are corplicated by lack of current guidance as o the
;-' relazive priority of depth of attack and length of recovery
i~_ per:cd.

:ﬁ; ) The metnodology for assign:ng value based on depth of

fﬁ: attacs which was described in an early secticn of this regort 1s
N based on IMVA z2d was oniv recommended to measure the i1mmedilate

,) post attack 1mpac:. The length of recovery time was not address=.-d

excert to suggest that :t be ccnsidered a separate :ssue and that
targ2r1s important 1o long recovery times be identified and acded

to 22 IMVA list 1f they were not alreudy included.
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many arriving weapons in a laydown would be required to achieve
this expectatica. It is known that with 800 arriving .8 ?x

weapcas, the targets attacked using IMVA would be largely primary

(U) The Soviet recovery process has been studied under other
analvsi1s progra=s for the Navy
of tre Navy work,13 1 preliminary methodology was developed for
analyzing the recovery of the Soviet elect.ic power 1ndustry.
This preliminary methodology has been broadened by SAl to i1ncluce

other key 1industries and targeting issues. The priaary 1ssues

TurgRoRRRRETL TR TTRYQYD T DT T TY v TP YTYYY 'ﬁv_ﬁ*

is expected because enough weapons could be used so
all industry was destroyed and, therefore, the halted

no locger would be relevant. However, it is not knoan how

for SAIl and for DNA. As a resulr
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identified 1n this work include the role of new construct:on iz
delaying the recovery process and a more generalized methcdology
which perrits one to include such l1ssues as technology relative

to growth of investment, t:me phasing of the economic impact, and
the 1mpact of depth of attack on any particular indusztrial instal-
lation or class as well as depth of attack on related 1ndustrial
classes. These developments have provided a basis for DNA actaivity
which has Just been completed and which will estimate the recovery
times for eiectric power, steel and oil industries 1a the Soviet Union.
IMVA as developed in the early sections of this docu—ent is com-
ratible with these activities and provides the basis for estip-
ating recovery functions; however, additional considerations are

required for a true assessment of the economic impact.

() As an example of the time phasing of the attack impact
and the rermalning portions of the recovery function resulting

from the SAIl effort, it was possible to identify dependent AVA
where the 1zmpact was immediate, would occur in less than three
months and 1n less than six months. Based on these time consid-
erations, modified IMVA limit functions were develop>d aund the
example recovery function nf T.gure 5-2 was estimated.* The function
in Figure 5-2 15 based on an attack in 1972 with about one thcusand
.o Pk weapons on the primary classes defined in Sccticn 4 cnd on
rew construction fcr each class. The rise in MVA shcwn between
1956 and 1972 1is the actual value taken from i1nput-ouiput tubles.
There would be an immediate reduction of 30 billion rubles due to
the loss of electric power followed by an additional 6 mouths as
the goods 1a stockplle and supply lines were used up leaving 130
billion rutles after 6 months if no bonus damzged was 1nvolved.
adding boous damage causes the surviving level to be scrmewhere in
the cross-hatched region. Because the attack included new con-

structioa there would be an estimated rerioc of 6 veirs during

which the electric power industry backlog was replaced ...d then

(L).These early results are presented as an examnple. Subsequent
work has resulted in a preliminary methodology for generating
recovery functions. The basic computer program called ARITA
(Attack and Recovery of Industry Targets Algoritkm) is cur-

rently being developed.

82




TuogIduUNgy Adbaodod dysuy  Tz-g oanidiyg ()

HV3A
L1661 661 186 2861 {L61 L6l 9961
T T Y A ' M -0
Lujellaocup antep,,
elpuweq pa3IP3110) -001
"UOT3IINIIBUOD Mau
snyd sass®v1d L1ewyad .
uo suodegam x& g pues
noyl auo Ino .w yYyiim 7,61
Ui 3283318 UP 10} 83IINSIY
-00¢
juapuodag
Zeg————pUue L1vWT14
VAW 1enpisaj
. -00¢
rd
\\
AO¥3IIV ON — = 7
\\
s,
7/
4
’
[-00
i\‘ “ N\A-n. .lu!-n* SR, -.--a.n--)!)- A ’ W e e ety
= S Y !-Q.I\-\- . f\f\\\‘r M (r... ..-:\Wft.- \..-\-..-....\. -..un . RS ‘ -w-.\..\«- \J --wﬁ ,......-f o! Fn-unr #\

;. v " -

19a) @370V IANTIVA ONTEALOVIONVK

'y3

{SNO11718

83




\{

«.}‘ i i

A the i1ndicated recovery process could be achieved. The basic
.:: recovery function does not include the increased delays which
) would be expected as bonus damage was considered.

:3 (U) I1f the bonus damage is not considered, this recovery

:4 function would look very much like comparable functions which
‘*: have been developed in past studies and one could argue that

; this is only marginally mere than the situation during Wworld
‘G War II. There can also be <ountering arguments which suggest
i{ that during the 15 to 20 year recovery period, other major powers
-f would have continued to develop and on a relative basis the
—‘:f situation would be much more serious than shcwn in Figure 5-2.
However, the more serious condition involves a consideration of

‘;i which sectoers of the econom=y remain and how they might relate to
:iﬁ post-attack world power status.

:ﬁ (u) If, rather than classifying ecunomic sectors relative

i to the targeting problem of maximizing the attack depth, one

-{T classifies the sectors by heavy indusiry and by subsistance sec-
:;: tors a different perspective is provided. Such a classificatica is
::~ provided in Table 5-1 in ccmparison with depth of attack class-
{f' 1fications which were previously defined. Heavy industry is

v esscentlially the industrial complex reguired to support the 1972

;;' wcrld power status and mil:tary complex and subsistance sectors

t. essentrally are required to support the 1972 population at the

. 1872 level of economic well being. The significance of the attack
_) def:ined above now becomes rore obvious if one superimposes the
'?i subgistance sectors value on the function of Figure 5-2 as 1s shown
:E in Fijure 5-3. The subsistance sector level would exceed sur-

:; viving value for a significant period of time ard 1f th= fcviet

) civil] defense program had teea successfully carried out and sone
o bonus damage accounted for, it is unlikely that subsistance levels
':? would be available.

;fi (L) It is also clear that the long term support of the 1972
%:: military complex would require the replacement of the 1972 indus-
o trial cemplex and this can be one definition of recovery. It is
o 34
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believed that the 1ssues portrayed by Figure 5-3 m:re zearly
represent the tru= economic impact of the attack ttan by Figure

5-2. The concept of IMVA was needed to determine 1ze zasic recovery
functions of thos= figures and to identify efficiezt tavrgeticg
options, however, zdditiomal considerations of issies zoportant

to the recovery crocess were required to better as:zess the overall

economic 1Cpact.

(U) An addizional targeting issue which was :risc zddressed
in Reference 13 w=2s that some critical elements will result in
longer recovery times than others. For example tergeting tur-
bines and gernera:t>rs was estimated to wnzarly donuble the recovery
time for electr:i- powel when compared to targeting traz-sformers.
This can have a significant effect on nuclear weap:: reqgquirements
since turbine and generators are consicdered to be tz tke order of
harder (500 ;5113 compared to transformers which ar= co the order
of 13 psi). Furtzermore, it is expected that compizratle resulrs
will cccur vith steel roliing mills since the roll:zg =ills them-
selves are consic=red much harder thaan the hlast f_rnazces, buildings

and other steel T.znt elements.

v) Finallr, an attack based upon IMVA resul:is 1z heavy
destruction of pr-mary class installations which mist E&€ rebuilt
TO SUppPOrt recovery. If other high MVA or K insta_latilons are
tarz=ted, besides those mentioned above which prov:ie iInputs for
the reconstructicz of the primary class, then r~-covsry resources
would be resuired to rebuild these installaticrs. This delavs
Tecovery to the exXtent tkat this prucess uses recc >ry resources
which coulid be devoted to primary class reconstruci:on. Obviously
there are trade-cIfs between how much damage shoulZ be obtained
based upon IMVA w2ich empbasizes the immediate pos: attack con-
di.lon and bow much should be obtained based upon -igh MVA c¢r high
K which ewphasizss prolonging recovery. One intersstizg aspect,
however, is that with the possihility of new guidarce which may
¢divide economic tzargets into war supporting, immed:ate post attack
and long term recovery categories, the IMVA and K o=ascres may be
very appropriate To address the latter two categor:=3s.

87




5 %Yy
Pl

T

This page inteaticnally left blanx.

Sl .’ ’ e
P AARE

S

88

1,470,684

NN
I;‘,‘“‘ "



i B el Jaat Dt e ol Jhalh okl Mbdh

PP
.

D

D el Al S i b N es Sl g She bt ko AR oo ian na B Bat el Aalo il et St Al Aol A m w4 Ga-0 4 g g 4 B gas aasaee s 2 e addod W"FW

. a4 s
v

Wi

PP PASA

.
s b Loy
N R

—y

SECTION 3

(U) CONCLUSIONS AND ZECOMMENDATIONS
(This Section is Tzclassified)

CONCLUSIONS

a.
}
Vs

A figure of merit called Impacted lManufacturing Vzlue
Added (IMVA) has been developed for industriai targeting durzag SIOP

developrment and evaluation. This fizure >f merit is a potenzially

. attractive alternative to the curre-t figure of merit, postwar
recovery welghted value (PRWV) Tk= potential benefits, probiems

and other conclusions are as follows:

1. IMVA provides a commcn quantitztive measure

that can be used for Zoth critical cr primary

e industrial classes as well as cther nca-

primary industrial classes. Tzis ocuurs becatcse
- IMVA is the sum of destroyed azd halted MVA fcr
. primary industrial clisses and MVA can be

- used for the non-primry classes.

4
-
. v
3
-

i 2. The functional interispendence between primars
- and dependent indusirial classes is treated

( explicitly in IMVA as is the2 econouiic inter-

; dependence. Physical engineering constraints
are considered in the IMVA development regard:zg
1aputs required to produce specific output
products.

o
o
[

2.

Gt
W

IMVA is dependent up:a attack characteristics
which determine atta:cg size. As an example, 1f
a large electrical r-wer plant is destroyved iz

y:} a single weaponr attz:x it has oce value base”
YN upon its MVA. However, if the same plant is
s destroyed in a larger attack i2zainst the elec-
U trical power industry the plan-'s value is

N greater than its MV!I because :the economic impact
® of the loss of eleci-ical power i1ndustry is

P greater than simply -he summation of individual
- plant MVA's. This ttpe of deresandence on atta:cx
l{f size is treated expl:citly in the IMVA methou2logy.
I Halted dependc-* incistries are considered.

. -

?0; 4. An anproximate quantitative acoroach based ur<n
- @ limit functions has *een deve.oped to facilitz2t:
=~ the calculation of IiVA as a function of attack
g characteristic speciiications <iuch as attack

5 size, total IMVA regzired or IVVA per weapon

1 required. Once one af these specifications is
o
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:ﬁ made, IMVA can be proportioned across the indus-
. trial class to the 1ndustrial installaivions
o according to capacity or MVA installation data.
.{i 5. The IMVA methodology considers more Soviet
~ economic elements than the current PRWV methodology.
:; For example, INMVA considers construction, crops
" and a broader treatment of transportation.
‘_ 6. One approach has been developed for implementation
“:. of IMVA into the SIOP process. This approach
:; requi..s additional i1ntelligence data and changes
- in the DGZ development and weapon allocation pro-
oo cedures. The additional intelligence data
u) includes: (1) MVA and K (capital stock) data on
an installation basis, (2) definition of primary
and dependent industrial classes and associated
> > functional interdependencies and, (3) parameters
- for IMVA limit functions. The changes in DGZ
o development and weapon allocation 1include:
I (1) consideration of attack size to establish
o IMVA installation values, (2) an initial allocation

step to establish the trades between IIVA, MVA
and K and (3) use of IMVA, K, and iMVA data at the
oo installation level. Various allocation approaches
. exist for use of IMVA (e.g. maximum marginal
return per weapon, dvnamic programwiing, etc.)

.- The preferred overall implementation approach has
A not been determined.

7. A potential problem with IMVA is that 1t emphasizes
depth of attack. Although IMVA is considered
useful in targeting to achieve a maximum reduction
in immediate post-attack value anc 1n constructing
generalized recovery functions, 1t must be supple-

mented by additional consideratiorns of 1ssues impar-
tant to the recovery process for a true assessment

{: of the impact of economic attracks. The use of
3 capital stock, K, to emphasize prolonging recovery

o represents a potentiul method tc address this

~Q problem. This methcu results in two figures of

“FA nerit used together: IMVA and K.

o 8. IMVA appears useful considering the evolving

K national guidance. When used in conjunction with

. K, both short term recovery and long term recovery

- can be addressed explicitly. In addition, IMVA

3 may be particularly useful 1or building blocks if
various industrial target classes (e.g. oil,
electric power, etc.) offer the potential of

o becoming building blocks.

.
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9. IMVA as defined herein tends to underccunt
the econowic 1mpact of large levels of
damage to primary industrial classes because
of the coaservative method used to define
dependent clas3es. Dependent classes only
qualify when they clearly need the yoods and
services from the primary set. Various
secondary effects which are apt to cccur
especiaily with a large sur-iving popula<ion
remain unmeasured and the economic impact wil:l
likely be greater than predicted. As the
process of defining dependent classes-and relatea
value 1S continued, 1t 1s likely that the denendent
value will increase and the bonus value will
decrease.

10. IMVA does not account for non-dependent post
attack consumption., The IMVA limit functions
develored assume all residual post attack
capacity from pripary industrial classes is
allocated to dependert clazsses and that post-
attack and pre-attack primary class resource
allocations to dependent classes are the sace.

11. The overall significance of using IMVA with or
without K and MVA applications has not been
determined ~r _uopared with the current meirl.ods
vased upon PRWV. However, it is expected that
the IMVA methodolosy will lead to a sigrificantly
larger fracticn of destroved or haited MVA {or 2
fixed strategic force than the current PRWV
methodology.

12. More than 150 billion rubles of 1672 MVA out of a
total -%f 300 billion rubles can be destroved or

halted using less than 900 .8 Py weapons. Tre
actuai amount will depend on the amoun: o! bcnus
damage which cccurs. Furthermore, high priority

targets based c¢a impacted MVA tend to be cupital
intensive and the recomrended targeting prozed-
ures snould result in higher overall darage levels
. than w111 result using current procedures even if

=
o
.

P

X f the metric 1s some ccmbination of MVA and capital.
W.. :

e 6-2 RECOMUMEND ATIONS

@2 It is r:cocrzended that the IMVA methodology be given
Bl

}”, serious consideration for implementation into the SIOFP. It is
&Q recommended that the intelligence data collection and processing
e

e
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requlired and the :zplementarnicn approaches receive particular
attention. It 1s recommended that lavdown analyses be comp.eted
1o assess the overa.l significiance of usinrng IMVA with and withcut
U¥VA and ¥ as coxpared to using PRWV. It 1s recommended that tre
concept ¢f IMVA azd MVL and K be explored in rmore detuail partic-
~-lurly with respect to the evolving national guidance. It 1s
recomrenced that the uncertzinties and key assumptions 1n IUVA be

criticall: reviewed and that method= to reduce uncertainties be
developed.
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APPENDIN A

CAPACITY FUNCTION FOR ELECTRIC POWER
(Apgendix A 1s Unclassified)

There is a tr=ad i1n the construction of electric power
generating facilities anaich over a period of time las made Soviet
generating capacity re'ztively availlable to a U.S. attuck.

Table A-1 shows the nuzzer and sice of electric generat:ng plants
1n the Soviet Enionl4 a0 19553. Note that there uwere over 107,000
plants in 1935 and, alz:ough most of the capacity was . larger
regional units (48%), a large fraction (32%) was made up plants

with less than 25 megawatts capacity. Thus, in 1953 c«everal! thousand

o]

a
weapons would have beer required to destroy 80-¢0% of the Soviet

Union generating capaciiyv and destruct‘on to these leveis appears
to be regu-red to nulliyv the effectiveness of substitut:ion and

allocation options tu essentlial processes.

The cumulative capacity 1s shown in Figure A-1 as a
funcrion of time. In 1275 the total installed cayacitv was 217,500

16
megawattls.

These data are supplemented by inputs {ro~ the 1ntelll-
17 . i . . - . -
gence community ' which indicate that in 1870 there wors 12 300

cegawatts of non-turbins units, in 1875 there wore G 707 megawaltls
of nonturbine units ancé in 1980 only 8,400 megewltt-~ ar«~ expected.
These are mostly small Z:esel driven units of 1o oL al. Ll one
Degawxsattl capacity.

Cntil 19533, t-e large,t generating instailat: . ns 1n
Russia were between 152 and 200 mebauatts.l4 In 103L, a decision
was made to bulld large umits 1n excess O 1,0ud meguawitis and
during the period 1959 zo 19635 several 2,400 megawatt units were
started. Thus, one could expect that at about 1961, these larger
units would begin to cc=e on line. Bevond 1961, selected data

from Soviet Geography (see for exarple, Ref. 13) can be used to
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-'_ Table A-1. 955 Eleciric generzting capac:ity.
e
.,' Number Output of Electric

Capacity Range of Capacity Power

- (KW) Stations (MW) (Millicn kwhr)
SN
3 Less than 13 28,585 281 283
o 15- 50 46,356 1,475 1,843
e 51- 200 26,685 2,25l 3,204
o 201- 50C 3,409 1,032 1,696
R 501- 1,000 1,128 805 1,833
e 1,001- 2,500 725 1,114 3,113
DA 2,501~ 5,000 308 1,015 3,635
5,001- 10,000 213 1,344 5,817
2 10,001- 25 254 164 2,573 11,680
e Z2>,001- 50,000 75 2,623 12,635
s 50,001-100,000 72 4,899 25,925
A Over 100,000 85 17,724 98,561
)
bt TOTAL 107,805 37,236 170,225
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j?ﬂ determine an average design capacaity as shown in Figure A-2.
.‘~‘,‘
:;r. The resulting average capicitles are 1,200 megawatts for 1661 to
)
* 1865, 1,777 megawatts for the next 5 vears, and 2,650 megawattls
; for the period from 1970 to 1975.
“a _ .
i? If one starts with the 9,400 megawatts in non-turbine
Lol . =
o un1its which are expected to be less than 25 megawatts and assunes
Els that the units 25 to 100 megawatts are retained and that new units
.f_ of added capacityv are the larger units 1in each time period, the
e ;
aﬁH number of units i1n each capacity raage can be determined by co..
o o ) . i
Nty bining the capacity data of Figure A-1 and the average units size.
LA
gl Using this procedure, the number of plants can be estimated as in
Table A-2.
\J
":i Table A-2. Expected number of generating
~a plants 1in 1975.
e
Pl 'nit Capacity Estimated
" (MW) Number
o
o <25 -
e s
oy 26-50 75
O
> 51-100 72
E YA
1 (208) 85+183=2638
N (1200) 33
e (1777) 28
Gl
"'.:'l (2650) 20
..J
e
e The values i1n parentheses are average values. Thus, the total
N nurber of generating units above 23 megawatts which account for
o h ' _ ’
N 85% of capacity is about 500.
, This is quite different than the situation in the United
:& States. We have about twice the capacity tut in more than 2000
7 facilities., The U.S. system is spread over many more installations
*Q and therefore 1s less vulnerable than the Soviet system,
[ B A-4
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APPENDIX B

CAPACITY FUNCTICN FOR ROLLED STEEL
(Appendir B is Cnclassified)
Reference '2 contains a listing of Soviet steel rolling

=:111s by tyvpe for 19%C. These have been extracted 2and are shown
11 Table B-1. The total capacity is 91,600,000 tons and the rolled
steel output in 1970 was 80,600,000 ton.. Thus it appears that
Zeference 8 has included most of the capacity in 1970 and that
these were not all operated at full capacity.

As was indicated in Appendix E of this report, some
rolling mills are depencdsnt upon others. Mills which process basic
steel include primary mills, billet mills and plate mills. All
other rolling rills depend on the output from these basic steel
rprocessing facilities and one needs only target the basic mills
to stop the process. They are the first 14 listed iu Table B-1.
Dependent =ills which are colocated with basic mills are attributed
to those installations (i.e., the broad strip mills at Chelvabinsk).
The capacity of the last 4 installations is pnot colocated with
basic mills acd is dependent; therefore, it is spread evenly among
the first 14 installaticons in the capacity function used in the
main body of tke report.

The Soviet steel industry is curreatly being analvzed as
a part of a ©N3 funded study of the recovery period for several
Soviet industries. As a2 result of this study, it is expected that

5{ the data of Table B-1 will change in content and ia number. For
o, .
dﬁ example, Magnitogorsk should currently be a direct target rather
@ than a depercdent target aud the number of rolling 21il1ll locations
o . S e .
E’ will significantly increase. One expected change in Table B-1 is
R an increase in the number of installations to about 30 to «<0.
. This will not change the overall conclusions and results of this
0‘ report.
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Table B-1. Rolled steel capacity function.
LOCAT 10N TYPE CAPACITY LOCATION TYPE CAPAZITY
Krivoi Rog Primary 6030 {(7){kovo-Lipetsk Cont.Casting 239
Billet 5500 Cold Sheet 252
MSL Sect. 600 Broadstrip 6022
MAL Sect. 800 — —
Wire 600 lal :
~n |(8)[0Orsk-Khallitovo |H. Sect. 1420
JOTAL 133C0 Plate 1C°9
west Siberian Primary 6000 =
Billet 5560 TOTAL 28
M&L Sect. 800 |(9){Azovtal Plate 17090
hire 8C0 Jq0Yarurstal Cont.Castind 253
TOTAL 13100 Plate 1402
Crelyabinsk Primary 6000 TOTAL 229
g;l;ggm.p 20 It izane Taqit Cont.Castind 37
TOTAL < /U0 r Z AJonetsk Cont.Castind 252
. - -
Karaganda Primary 5000 (13)ETectrostal Cent.Castind 282
Broadstrip 4500 14)Rustavi Cont.Castind 200
Cold Sheet 1300
Temper 1000
TOTAL 11870
Ilyich Primary 50G0
Broadstrip 35C0 . ~
' Magnitogorsk Cold Sheet 1820
Cold Sreet 1600 Broadstrip 3829
TOTAL 10400 T OTAL 5355
i 5 “ -
herepovets g:;;:itrip féag Kormunarsk H. Sect. 1623
M&L Sect. 1060 Dzerzhinsky ML Sect. 1053
$g,‘nge§"eet e Ena Kievo Tre N
TOTAL 8530
B-2
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APPENDIX C

CAPACITY FUNCTICN FOR NATURAL GAS
(Appendix C is Unclassified)
The natural gas capacitr function which was developed
for the General Electric Company13 by SAI as discussed below has
been used in this analysis.

NATURAL GAS PRODUCTION

The Soviet Union occupies a leading position in energy
production as the owner of the world's largest natural gas reserves.
In recent years, exploration in remote parts of Siberia have un-
covered some of the richest gas deposits. As a result, the govern-
ment is spending vast sums of mopey t- develop these resources.
Figure C-1 illustrates the rapid growth in natural gas production
and construction of major gas pirelines that i1as taken place since
1960. Russia is currently the only major exporter. During the
latest 5 year plan, they have increased production by 60 percent,
pipeline length by 50 percent, azd their budget for development by
88 percent.

Figure C-2 shows the lccations of the nine major gas
basins in Russia. Within these tasins are about 75 gas fields
which are connected to over 50 major distribution centers by nearly
100,000 kilometers of large diarceter (>20 inch) pipelines. The
large Tyucen Basin in West Siberia is reported to have larger gas
deposits than all of the U.S. reserves combined. The newer East
Siberiarc basin near Yakutsk is estimated to have larger reserves
than the Tyumen Basin.

The 1975 production and consumption of natural gas by
the Soviet Union is summarizes in Table C-1. It is noted that
despite the large reserves in Western and Eastern Siberia, these
major basins only produced about 11.5 percent of the total USSR
production (332.9 billion cubic meters per year). As these basins
come into full production during the next 10 years, they will begin
to dominate the statistics.
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Table C-1 also shows that Russia imports some natural
sas (atout 4.3 percent) aiong 1ts western orders to cut down the
cests of transmission; hoaeveér, exports «t 5.9 percent exceed the
imports. The largest user of unatural gas 1s the electric power
iadustry (26 ber:ent). The metallurgy industry (aluminum, copper
zinc. ei1c.) is the second largest user at 23.5 percent followed by
aeating for households azmd municipal buildings (10.9 percent) and
zachineryv/metal working (10.3 percent). It 1s probable that a major
cutback 1n natural gas supplies, due to destruction of produc- :.on
capacity, could be accom=modated by a shift to other fields (coal or
o1l) for electric power production and/or a2 reduction in heating.

GAS FIELDS, PROCESSINC PLANTS AND COMPRESSOR STATIONS

It is importan: to understard the characteristics of the
various elements of the Soviet natural gas production, transmission,
and distribution system in order to ideatiZy critical candidate
targets. This section describes thc characteristics of the wells,

gas fields., processing plants and compressor stations.

Natural gas ia Russia is generally found by drilling deep
wells (3000 to S000 feer) into natural deposits trapped in porous
rock btelow a solid can =z:i geologic structure as illustrated in
Figure ??.20 Trhese deposits are often associated with petroleum
(oil) fields bu- are also found as gas oaix. Typically, the gas
comes from the zells as a mixture with different percentages of
hydrocarbons, rare gases (helium, etc.) azd unwanted water vapor
plus kyvdrogen =sulfide. Figure C-3 shows two tyvpical distributions
for sweet and sour gas which are distinguished by their percent of

sulfur content.

As the gas comes out of the ground under various pressures,
it is fairly corrosive due to the water vapor and sulfides.
Therefore, it is immediately transmitted a short distance (less than
a mile or so) through gathering lines to a nearby cxtraction pro-
cessiog plant. This plant does two things: it removes the unwanted
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dust, water vapor, sulfur, and other chemicals by cleaning and it
removes high vailue gases such as helium by separat:on (gravity or
centrifugal). Liguid hydrocarbons are trapped by bubbling the gas
through 0il; these are later used to make gasoline. Carbon Jioxide
and hydrogen sulfide are acidic gases and are absorbed by bLurtling
through aqueous moonothonolarine. Water vapor is removed by
absorption in ethyvlene glvcol or desiccant beds of calcium czloride.
Most natural gas :1s then distilled at very low temperature to remove
the valuable cozmponents like helim, propune, and ethane anc propaze)
with a specific gravity of about 0.6 is ready for transmissioa.
However, the mixture is colorless and odorless;. therefore, cercaptazs

are added as a safety precauvtion at the load end to give it zn odor.

To izprove trans=ission efficiency through the picelines,
the gas is generally put through a compressor station located near
the processing plants. The pressure is increased to about 979 to
1125 psi. This step requires some care since hydrocarbons azd water
vapor at high pressures and low temperatures from hyvdrates which.
like snow crystals, tend to plug valves and pipelines. Note that
hvdrates form at pressures of 2000 psi and texperatures of 15-6°C
which are not far from the conditions experienced in northerz regicas

of Russia even during summer months,.

The locations and estimited 1975 production capac:ities
of 75 gas fields representing nearly the total Soviet production
have been incorporated in the Soviet target data base. Two =yvpical

large Soviet gas fields are shown in Figure C-4. One at Shebtelinka
21

>
o

above the Black Sea and the other at Gazli in West Turkeme

oy 3

N

"

Both of these fields procduce on the order of 20 billicon cu meters
of gas per vear. It is noted that these fields cover abouut 13 sguare
miles of area. Figure C-3 provides an organizatonal flow chart for
the field at Shebelinka.22 It shows about 400 wells feeding through
gathering lines to 26 group collecticn stations. Each grour col-
lection station contains .wo collection puints serviced by four
separator towers. Each separator tower handles 1 to 4 wells cr arout

15 wells per collection point and 30 wells per group collection

C-7
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stat.un. A typicoal lavout of one of these group collection stations
is showa in Figure C-35 based on photographs of the Shebelinka and

]
Gazl: fields provided 1o Figure c-e.“3

The gas separator tanks are tall, steel shell, pressure
vessels shich =ust be insulated to prevent formation of hydrates
dur:ag operation. Two tvpes of separator design (gravity and
cyclone cr centr:Zugal) are commoniy in operation throughout the
couztry. Tyvpicaliy, these units are 12 to 13 meters tall, 3 meters
in diameter aad kave steel shells 3 to 3 centimeters thick. They
sit on prepared coancrete pads which are poured around the necessary
pl izbing and valve syvstems. Their most critical failure mode is
considered to be blown-down or over-turning rather than collapse or
spilitting of the pressure shell. Consequently, their estimated
hardness to equivalent blast overpressure is in the rarnge of 15 to

20 ps1.

It is useful to estimate the numbers of natural gas pro-
cessing plants azd compressor stations in Russia since they represent
caodidate targets. 1. the case of processing plants, there 1is at
least one at each gas field and an additional plant for each 2
billion cubic meters of annual capacity (based on shebelinka and
Gazii1 exaz=ples). Therefore, using the 75 fields in the data base
and the capacities of production at each field, it is estimated that
there are nearly 200 processing plants in Russia.* Turning to the
compressor statioas, each field generally has one station and larger
fieids have two {e.g., one for each 16 billion cubic meters of
annual capacity). Therefore, there are about 80 compressor stations
at the gas fields. However, due tu the drop in pressure which takes
nlace as the gas moves .hrough the pipelines, there are generally
additional compressor stations about every 150 miles of major pipe-
line. 1In 1975, there were 56,000 miles of major pipelines in Russia
which indicates approximately 365 additional compressor stations.24
Consequently there were about (80 + 375 = 455 total) compressor

stations in Russia. A typical compressor station is shown in Figure C-7.

Jys

©) Evidence accumulated since this analysis was computed indicate
that more modern processing stations are much larger and if this
is a general trend, the total number of processing plants is

probably less than 200.
c-9
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Based on the above discussion, it is clear that there
are more than twice as many compressor stations as there are pro-
cessing plants. Furthermore, the critical elements at the com-
pressor stations (e.g., gas turbines) are bharder to destroy than the
processing plants. Finally, the Russians have been known to run
some of their p.pelines using the gas pressure from che ground without
the use of compressor stations (this is not efficient but it does
permit gas flow at reduced pressures). Hence, the processing plants
appear to be more attractive targets than the compressor stations.

PIPELINES

The =ajor natural gas pipelines represent a potentially
interesting target class in that they are relatively soft and can be
used to cut the flow of gas to large areas. As indicated in
Figure C-1, the Pussians are building major gas pipelines at a
phenomenal rate. The latest 5-year plan bas allocated 3.9 billion
rubles to build 33,000 kilometers (20,625 miles) of gas pipeline
(11,200 km was the goal for 1973 alone). In fact, the building of
gas lines has teen given priority over construction of oil

popelines.19

The construction of pipelines in Russia has alscu exper-
ienced a dramatic change in pipe diameter. At the end of World
War I1I, the maximum pipe diameters in use were about 15 inches. In
1954, 28-inch diameter pipe was int.oduced, by 1959, 40-inch, by
1968, 48-irch, By 1871, 56-inch and currently; plans are being made
to use 100-inch pipe in 1980.22 In this respect, it is interesting
to note that tke NATO countries refused to sell Russia pipe greater
than 19 inches in diameter in 1966 since it was considered a
strategic material. As a result, the Soviet State Institute for
Pipeline Design and Special Construction, Leningrad, began designing
48-inch diameter pipe which was put into mass production in a special
mill at Chelyabinsk. Today the Soviets manufacture 56-inch diameter
pipe while the U.S. buys most of its largest pipe from Japan (e.g.,
Alaskan pipelire). A new U.S. plant to manufacture 48-inch pipe

has just started in early 1976 in Los Angelcs.
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The CIA had made a survey26 of smaller diameter pipeline
systems in the USSR in 19¢5. 1In additicn, SAI reviewed approx-
imately 85 magazines, books, translations and newspaper (Pravda)
articles dealing with the construction of more recent large
diameter gas pipelines in order to summarize currenat Soviet capa-
bilities. Table C-2 provides the results. Although it is not
considered an exhaustive listing of all the new major pipelines, it
covers over 24,000 miles and provides sufficient data,6 for analysis.

Using the data of Table C-2, it is possible to plot the
miles of installed pipeline as a function of years required to com-
plete the project. These results are shown in the upper left of
Figure C-8 and are labeled Soviet experience. Superimposed is a
curve of 400 miles per year which represents the average rate used
in Soviet planning. Note that the longer pipelines appear to be
completed sooner than expected while short lines (<500 miles) seem
to take longer. Based on comments in various sources, it appears
that the Soviets can repair or replace about a mile of pipe per day
depending on the terrain, weather conditions and availability of
materials. This suggests that even m:ltiple breaks in the major
pipelines can prohzllily be repaired in about a week.

The cairves on the right of Figure C~8 show that Soviet
theory concerning pipeline capacity and their experience with
modern pipe operations tend to be in excellent agreement. Clearly,
economics favor the use of larger diameter pipelines. About 25
percent of the cost of natural gas production is involved in pur-
chase, maintenance, and operation of the pipelines. Figure C-8
shows that these costs are significantly reduced per cubic meter of
gas delivered when pipes having diameters greater than 40 inches
are used. In terms of U.S. money, it costs the Russians about 0.01
cent to mcve 1000 cubic feet (28.2 cubic meter) of gas a distance
of 1 mile.
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Figure C-9 illustrates the three primary methods of pipe
laying used by the Russians. Methods “a” and b~ provide fairlwy 1
hard installations and wouid be more appropriate for cratering
attacks. On the other hand, method "' results in exposed pipe
which 1s sensitive to dynamic pressure loading. Pipelines built
1n trhe manner of method "¢ caa prabably be destroyed by the equiva-
lent of 20 ps1 blast nverpressure.

In summary, although pipelines ma: represeat vulnerable
targets capable of being destroved by low vield weapons, theyv can
be repaired or bypassed in a matter of days. This rapid repair/
replacement was experienced during the U.S. bombing of pipelines
along the Ho Chi Minh trail in Vietnam where the enemy restored
flow capacity overnight. Hence, the pipelines are not considered
attractive strategic targets.

NATURAL GAS STORAGE

The overall consumption of natural gas in Russia exper-
iences a factor of three fluctuatioa during the year as indicuted
in Figure C-10. Although the izndustrial uses remain fairly constant,

gas for heating and boiler fuel =nicrgoes a major increase during
winter months. Thcrefore, stockxpiliog and storage of gas during
sum~ci months becomesS a necessity.

The various storage methods for matural gas are presented

on the right of Figure C-10. Ia the past, most storage was done
in large volume. above ground tanks. These generally have very

limited capacity. Liquefaction of the gas greatly reduces the

large storage volume requiremerts but introduces the necessity of
hioh pressure, low temperature operation which is costly. It is
reported that Russia had 23 liguefaction plants by 1965 arnd a new
plant was under construction near \Moscow in 1969.27 These plants
would make good candidate targets fcr attacks aimed at destroyinog
stored natural gas; however, they have only small capacity. On

occasions the Soviets have increased the pressure on their pipeline

C-19
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by about 10 percent as a means f{o. .rarily storing more

s
as. This technique also has limited capacity 1d 1s c¢.sstratned

N
by the formation of hydrates.

The largest ~apacity method for storing natural gas 1s
to pump 1t 1nto underground reservolrs. The reservolrs are gen-
erally depleted gas fields, old mines, or man-made caverns which
.. have suitable geologic characteristics. As a result of a near
{‘ disasterous winter in 1968-69, top priority has heen given to
N exranding underground gas storage. In the five-vear pian (1966-
1970) about 6.5 billion cubic meters of active gas storage 1in
-f ajuifers and 2.5 billion cubic meters in depleted fields (9 billion
. tctal) were developed as indicated in Table C-3. It should be

oy roted that the total storage indicated in Table C-3 on!yv satisfied
:: apout 30 percent of the annual fluctuation in demand by these

-;. regicns in 1970. Furthermore, 1n agquifer storage only about half
‘:: the capacity created can be used 2s active reserve (350 percent

é_ re=ains in buffer); hence. these storige sites must be capable of
i%~ an overall capacity of 13 billion cubic meters.

; In 1965, there were 10 underground gas reservoirs in

it a e e
e S

Russia with a capacity of 3.8 billion cubic meters. 3y 1979, it

is estimated that there were about 3! reservolrs with a total

-

i

e
“r

capacity of roughly 17 billion cubic meters. 1uil storage capa-

- gy ~

e cityv represents only about 3 percant of the annual prcductica. A
‘:: few of the major underground storage sites 2re described below.
4
“~
P . N . R
Kaiuga: This aquif«~r storage facility is located 110 oiles
southwest of Moscow. It was started in 1954 and
became operational in 1963. It covers an area

1.25 miles by 8.73 miles in a faulted anticline,
sandstone geology at a depth of 780 to 960 meters.

e ()

>, The caprock is clay and the deposit operates at a
~" pressure of 80 atmospheres. Its capacity is 400

. million cubic meters.

N o+, . .

N (C)*1n November 1969, the USSR announced that they had successfully
" exploded an underground nuclear device to create a cavity for
- oil storage in a salt laver. This concept may venefit gas
‘. storage in the future.
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Table C-3.- Added underground gas storage in 1966-70
(billions wf cubic meters).

In Water- In Depeleted -
Regions & Cities Bearing Strata Deposits

Moscow Center & Asia Center 1.5 2.5
Pipeline Route
Ivanovo-~Vliadimir Pipeline 0.3
Bal-ics 0.8
Belorussia 0.5
Leningrad . 1.1
Urals 0.7
Kiev Industrial Center 0.5
Odessa 0.2
Tashkent 0.3
Thilisi 0.4
Yerevan 0.2

TOTALS 6.5 2.5
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'$ Shehelkovo: This second facility also serves the Moscow
‘ﬁﬁ region. It is an aquifer formation holding
RS about i.4 million cubic meters as o1 1967.

. The cost for injecting gas is 0.61 rubles and
ﬂgg for removal is 0.92 rubles per 1000 cubic

iy meters.

o

53: Gatchina: This facility is located 38 miles southwest
Ly of Leningrad and has a capacity of 250

) million cubic meters (active) and 350 million
i cubic meters (buffer). Recent excansion (1269)
i has increased tctal capacity to 1.2 billion

< cubic meters. The geology is a momocline,

)
™
' sandstone at about 400 meters depth and 8 meters
‘*u thick. The caprock is a plastic shale 7 to 8
AN meters thick.
o Kolphno: A second facility near Leningrad has a capacity
o~ of 200 million cubic meters. A third is planned
-, at Novgorod.
-
;aﬁ Olishevka: This facility serves the Kiev area. The storage
e formation is 40 meters thick at a depth of 500
meters. It is also sandstone under a plastic
REYS clay caprock 20 meters thick. The facility cov-
:; ers a. arca of 18 square kilometers. Its total
:x’ capacl v .o 360 million cubic meters of which
e about 50 percent is active storage.
2
L Poltoratsk: This acuifer facility is located close to Tashkent.
Its formation is 20 to 40 meters thick sandstone
capped by 60 to 80 meters of clav at a depth of
¢tq 500 meters. Storage pressure is 63 atmospheres
ok and the daily capacity is estimated at 1 to 4
- million cubic meters,
» 1 .
Lty The above exarmrles indicate that destruction of the
T)\ underground storage sites would be a very difficult problem due to
B Y
{ﬁj the depth acd geologic structure. Furthermore, since the combined
%{ capacity of These storage sites is small, they do not represent high
Ay
9:' value targets. Finally the Soviets response to loss of stored
3,0
1 capacity has been to cut off heating supplies which they did during
nﬁ- the winters of 1058 and 1968. Table C-1 and Figure C-10 indicate
{?: that if this procedure were used (no gas for heating), over 11 per-
:"i: cent of the total gas production capacity could be saved without
Yy burting production of other commodities.
®n
Iy
,\n'
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Based on the preceeding discussion it appears that
the most critical elements of natural gas production are at the
processing plants associated with the gas fields. In general, one
weapon will destroy the plant provided the accuracy is sufficient
for the yield in question. Figure C-11 provides the percent of
total Soviet natural gas capacity destroyed as a function of the
number of gas fields and processing plants that must be attacked.

A typical natural gas compressor station is much
harder than a collection station and since there are about 4535
compressor stations the weapon requirements are most severe for
destroving compressor stations than for processing plants, it would
require about twice as many weapons to draw down gas production by
destroying compressors as with attacks on processing piants.
Furthermore. results would not be assured because many pipelines
can be operated at reduced efficienpcy without compressor stations.

Attacks on the gas pipeline systems would have a
more immediate effect on other industries but the pipelines can
probably be repaired in a matter of days. Attacks on gas storage
capacity do not appear producil.e with the exception of destruction
of the liquefz_i10n plants. Finally, it does not appear attractive
<o attack the underground storage since the weapon requirements
(deep earth penetration) are severe, there is no guarantee that the
gas could be destroved at depth, and these facilities only represent
about 5 perceat of Soviet capacity.
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e APPENDIX D

S CAPACITY FUNCTION FOR COAL

:: (Appendix D is Unclassified)

'é: So far as is known, there has been only one attempt

Ly

to analyze the weapon requirecents to destroy coal as a basic Soviet

energy and this was also a part of the recovery denial work carried
18

et \

out by SAI for the Generzl Electric Company. The basic approach

j)# was to isolate the coal fields by destroying the railroad bridges,
;;V tunnels and other key point surrounding each field. The primary
fields were located and map exercises were carried out to determine

'J: the number of bridges and other bottleneck points which would have
fﬂg to be destroyed. F:inally the capacity of each field in thousands
%52 of tons was assigned uniformly to the surrounding bottleneck points
EL to provide the capacity data of Table D-1.
'}i Table D-1. Ccal capacity function.
1 S9N
;E: 3114 2737 2737 1298 830 791 473 473 267 161
; 2768 2737 2737 908 830 791 473 473 267
\_, 2768 2737 1765 908 830 791 473 332 267
;;ﬁ 2768 2737 1730 908 830 473 473 332 267
ﬂ:é 2768 2737 1730 908 791 473 473 332 267
Kt ) 2768 2737 1298 865 791 473 473 332 267
) 2768 2737 1298 865 791 473 473 332 161
::J 2737 2737 1298 830 791 473 473 267 161
O~
‘z{ As with electric power, these installations were divided
:2? into sets as indicated by the oars and each set was represented by
'y its average capacity.

<

%2 Although bridge destruction will surely stop the flow of
;%: coal temporarily, ttere is considerable question about how long
22: it would last. Additional analysis will be required to provide
L‘; such estimates. Even if bridge piers and abutments are destroyed,
5;? temporary structures may be substituted and shipments may continue.
j:i For these reasons, coal was not conmsidered a primary class in the
N body of this report. ‘
: D-1 .
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APPENDIX E

THRESHOLDS OF IMPACT
(Appendix E 1s Unclassified)

IMPACT OF LOSS OF ELECTZ2IC POWER

In Appendix A, it is shown that the targetable data base
of electric gereratiog installations extends down to 25 megawatts
and includes over 937 0f the total Soviet Union generating capa- !
city. The removal of all of these units would shut down the high
voltage system in the Soviet Union and leave, at best, single units
of less than 25 megawat:s, some of which might be portatle. On
the other hand, weapon constraints will likely Jictate that smaller
plants not be targeted =2nd some higher limit may be of more interest.
How would the removal o units above 20 to 50 m:'gawatts capacity
affect various Soviet izdustries? One way (o answer this question
is to d=2terrrine the majcr purchases of electric power based on data
from input-output tab1e52 and for each of these to look for funda-
mental electricity requirements. Economic sectors from the 1672
input-output table are listed in order of purchase of electric
power and percent of tc:al industrial purchases in Figure E-1. The
cumulative percent as a function of number of sectors is also
shown. The first ten sectors purchased 60% of the electric power
and these are the ones which are corsidered first. In particular,
metallurgy and oil refiaeries will be important in the development
of impacted MVA for electric power.

Electric powser requirements for major elements of metal-
lurgy and for oil have been determined for a 20 megawatt threshold
as shown in Table E-1. For example, iron and steel production
require 50 kilowatt hours per ton of output as a direct input.28
Thus plants producing in excess of 1,720,000 tons ; ' r year would

require input power in excess of 20 megawatts from the power dis-

tribution systems apnd those producing in excess of 4,300,000 tons




per year would require in excess of 50 HW.. For this analysis,
these plaats are assumed to be limited to annual production pro-
portional to survivizg levels of pcwer production in the sense of
limit functions as defined in Section 4. In the case of high alloy
steel and non-ferrous metals, the production thresholds are much
lower since these metals are produced in electric furnaces or

29,30 The direct elec-

otherwise are heavy users of electricity.
tricity requirements of 35 kilowatt hours per barrel for oil refin-

ing is based on U.S. experience31 which generally does not conduct
de-salting operations at the refineries. The Soviets generally
conduct de-saltinug operations requiring large amounts of electricity
at the refineries and their crude oil requires more of these
activities, therefore 5 kilowatt hours per barrel is considered a
lower limit ipn power requirements. The impact thresholds of table E-1
would be higher and the percentages cf capacity would be lower if

50 megawatts was ccosidered rather than 20,

Steel rolling =ills are a special case and a more in
depth analysis has teen carried out for them. Steel rolling mills
in the Soviet Union are listed in Table E-2 by tjype along with the
average main drive power ratings in megawatts.12 These plants
either have two high power main motors each driving a separate
roller or on the order of a dozen motors of 2 to 3 megawatts which
must all operate for designed plant capacities. An example of the
first tyre is shown in Figure E-2. This is a cross section of the
main working stand cf a blooming mill located at Novo-Lipetsk.12
The two large D.C. =otors are of particular interest since they
are rated at a total of 13.6 megawatts. There are also two szaller

motors of about 2 megawztts each which apply pressure to the top

(U).Given a maximum power generating capacity of 20 MW, the total
enerzy produced per vear by the largest surviving unit is 20,000
x 8760 x .5 - 67.6 10% kw hr (assuming an historic average of .5
for utilization of power plants). At 50 kw hr per ton of steel,
this implies that all steel plants with a capacity of more than
1.72 x 106 tons per year would be shut down or would at least
he limited to production at this level. More than 71% of the
"7 steel plants exceed this capacity.

E-2
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roller. If one considers the ratings of the two Tain motors, the
fact that they are direct current devices and therefore 1nvolve
conversion efficiencies from alternmating current supplies and that
the plaant will require power for additional motors and control
functiozs, 1t becomes clear that power inputs in excess of 20
megawatts will be required for the plant to operatze.

The second kind of mill :s shown in Figure E-3. This is
a plan view of a continuous billet =11! located a: Krivol Rog.12
There are 16 1ndividual electric motors each driving a separate set
of rollers. A belt of steel corticuously moves through the plant at
a rate of apout 7 meters per second. All motors =ust be working
for the plant to provide the desigred output. The total power of
all of the drive motors is 30.4 mezawatts. It 1s unlikely that such
a plant could function 1if power supplies in excess of 20 megawatts
capacity were recmoved. At the 30 megawatt level, =many of these
plants could operate individually but the complexes within which
they are located would have problexs. This point will be discussed

further subsequently.

The steel rolling mill process is showr in Figure E~4.
The inpuls to the process (shown on the left of tze figure) inclucde
molten crocessed steel for the billet to produce slabs, blooms azd
rounds. The product flow is then to plate mills, Lot rolling
broad-strip mi1ils and heavy section mills through the indicated
interm-=Ziiate mills and out the right hand side as rolled steel
procducts 1including such items as turbine blades, axles, bearing

blanks, transformer steel and reinforcing rods.

Alsc shown in the figure are the average power require-
ments fcr the wvarious mills. There is a high prcrability that the
.
entire flow of rolled steel products will be shut down by the

removal of generating units above 20 megawatts.

As ~ fianal point in regard to steel rolling mill power

requirezents, they are shown by lccation in Table E-3 along with

-
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Table E-3.

Plants

Ilyich

Krivoi Rog
Chelyabinsk
Karaganda
West Siberian
Cherepovets
Magnitogorsk
Novo-Lipetsk
Olsk-Khalilovo
Azovstal
Amurstal
Dzerzhimsky
Enakievo

e oad el ol ot sk And asl b Mol ol A adi A ACA I
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Steel rol'ing mills by location.

Total Drive
Capacity (MW)

86.4
80.9
82.4
139.5
47.5
85.2
80.0
136.6
9.8
31.5
16.6
20.2
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the sum of their drive capacities in megawatts. There are large
complexes of steel rollirg mills requiring on the order of 100
megawatts of main drive power at most locatiors. Thus, it is likely
that these complexes draw power from the high voltage distribution
system or that they are co-located with a large generating station
which suppiies their power requirements and provides any remaining
capacity to the distritution system. All such large installations
are assumed to be included in the power generation installations
which will be attacked and complexes of rolling mills would be
effected even at the 50 megawatt threshold especially if the dis-
tribution system is not operable.

Given the loss of steel rolling mill products, what
industrial sectors will be impacted? Table E-4 provides such an

P
28 We will assume that those sectors which manufacture

estimate.
the listed producis (M&%E) cannot continue to operate without rolled
steel on kigh allor steel products and thus are dependent on electric
power. A detailed analysis of each of the elements making up the

M&E sector is warranted and although, the bulk of them are expected
to be totally dependent on rolled stezsl products, it is possible

the substitution ~f _ast and machined parts can circumvent the rolled
steel ,equirements with some elements. Under the above assumptioans,
the impacted MVA for electric power potentially includes the sum of
self MVA (5.8 billion rubles, oil YWA (6.7 million rubles, steel
productioz and ferrcus alloys MVA of metallurgy (6.0 billion

rubles), JiE MVA (38.0 billion rubles) construction VA (34.6

billion rubles), and the additional dependent value identified in

the main body of the report. However, it skould be noted that when
interacticas are considered many of these dependent classes will be

directly targeted or will be assigned to otker primary classes.
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Table E-4.

PRODUCT

MAIN LINE ELECTRIC LOCCMOTIVES
MAIN LINE DIESEL LOCOMOTIVES
MAIN LINE PASSENGER CARS
OIL BORING & DRILLING INSTALLATIONS
MAIN LINE FREIGHT CARS
EXCAVATORS
COAL COMBINES
TROLLEY BUSES
STEAM BOILERS
AUTOMOBILE LOADERS
GRAIN COMBINES
SCRAPERS
FORGING MACHINES & PRESSES
AUTO BUSES
TRACTORS
MOTOR TRUCKS
POWER TRANSFORMERS
BULLDOZERS.
COMPRESSORS
STEEL PIPE OF ALL KINDS
WIRE NAILS
WIRE, COMMON
STEEL ROPE & WIRE
PASSENGER AUTO4QBILES
CEMENT INDUSTRY MACHINERY
Oil WELL HNSTALLATIONS & EQUIPMENT
DIESEL ENGINES
FAETAL CUTTING MACHINE TOOLS
METAL CUTTING TCALS
BEARINGS, BALL & ROLLER, NEW
ELECTRIC APPARATUS, HIGH & LOW VOLTAGE
GRINDING & PULVERIZING EQU!PMENT
BLAST FURNACE & STEEL MILL EQUIPMENT
LoomMs
WOODWORKING MACHINE TOOLS
REFRIGERATING INSTALLATIONS
AUTOMATION MEANS & EQUIPMENT

E-12
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Impact of loss of rolled steel products.

AMOUNTS REQUIRED

166.5 tona/unit
122.8 wng/unit
46.3 tons/unit
86.2 tons/mst
2056 toma/unit
16.4 tons/unit
9.6 tons/unit
7.6 tons/unit
9.8 woneSton of stsam/hr
5.9 tont/piece
6.3 N tony/piacs
9.4 tony Siece
4.5 tons/ piece
a8 tona/piece
3.8 tons/piece
k¥ ] . tone/pisce
a2 wa/thoutand kw amperss
59 tons/unit
a2 ers/unit
1.3 wns/ton
1.2 1ons/ton
12 tons/ton
1.2 tons/ton
1.7 tona/unit
12 . tons/ton
1.3 ters/ton
1.5 tons/unit
20 tone/unn
1.1 tons/thousand rubies
1.4 tona/thousands
.9 ons/thousand rubles
7 tons/ton
5 wna/ton
8 tons/unit
.8 tons/unit
8 tons/sst
3 tore/thousand rubles
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